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~iolOll.t8 of the California De~..ftt or Fish and Game, under contract
with the Pacific Gas and Electrie Co"'ny, conducted surveys or intertidal and
8ubtidal plan~8 and animals 1n ~be viciaitT of the Diablo Canyon Nuclear Power
Plant for the fA1lIlJI\er of 1973 th~h 1918. Abundances of the dominant plants
and ani-.18 "'ere obtained at randOil .. yell 88 permanent stations in Diablo
Cove as well .. nearby control areas. A. total of 643 permanent and random
atationa "ere surveyed, 262 1" tbe intertidal and 381 in the subtidal.
Natural .. well as man-caused occurrences have resulted in several
significant changes in plant and animal abundance in the stu~ areas; these
include the arrival of the southern front or the sea otter population in Diablo
Cove in 1914; a strong red tide bloc. in the fall of 1974; and the release of
copper ions from the power plant condenser tubes into Diablo Cove during the
sWIUD8r of 1974.
Our intertidal and subtidal raftd~ station data have shown a strong decline
in .1ant red ... urchin, Stronlrloe'"l~H! tranclseanus, densities and the
surface oanoPr kelp, Nereoel.t1./l~~eI,p&.and a corresponding increase in the
subeanow kelps, Pterygophora and ~1a. Seasonal patterns of abundance or
folio•• red alcae at randoa intertidal It.tions occurred at all study areas.
Several species intertidal and subt1del invertebrates showed increasing Or
deer.aeina trends in levels or abuna..e. during the five year study period
coVi!tred by' the report. Some of the_ eJantes in abundance may be related to
the natural .an-caused impacts mentioaed above.
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SUMMARY
1. Diablo Canyon Power Plant, located between Morro Bay and Avila Beach,
California, will use ocean water in its "once-through" condenser cooling
system. This water, heated an average of lODe (20°F) above ambient water
temperature, will be discharged at about 2,000 cfs per nuclear unit into
the shoreline receiving waters of Diablo Cove.
2. In order to assess the effects of the heated effluent on nearshore marine
life and the effects of the arrival of the sea otter, this ecological study
was begun in 1973 to establish a baseline data-set on selected species of
plants, invertebrates, and fish.
3. A randomized sampling approach within designated study areas was chosen
because of its usefulness in generating quantifiable data with estimates of
error on the populations of the selected species.
4. Species to be studied were selected primarily for their importance to sport
or commercial fisheries. Additional species were selected on the basis of
predator/pre,y relationships with the former group or as representatives of
various habitats or trophic levels.
5. During the construction and testing phases of the power plant, two
man-caused occurrences affected the marine communities in or near Diablo
Cove. The first was deposition of large amounts of silt and other
sediments within the 10 acre basin of Intake Cove. The second was a
discharge of copper ions from the condenser tubes of the power plant
cooling s,rstemwhich resulted in the loss of numerous abalone from Diablo
-
-
-
-
Cove in July 1974.
(14)
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6. Natural phenomena have also caused changes in the local marine communities
during the course of this study. Some have been short-term, "dynamic"
changes, such as the consequences of a "red-tide" bloom in 1974, or the
heavy rains and storm seas of that same winter. One phenomenon has had
long-lasting, change-of-community-structure impact: the arrival of the sea
otter, Enhydra lutris, in Diablo Cove in 1974.
7. A series of four null ~potheses were proposed to test on data collected to
fulfill our objective of determining the statistical significance of any
apparent changes in measured abundances of selected species.
8. Four fixed intertidal study areas were established for random surveys:
North Diablo Cove, South Diablo Cove, Diablo Point, and North Control. In
addition to the random surveys, permanent intertidal transects, established
in Diablo Cove and control areas during an earlier study, were monitored
for abalone abundances.
9. Two fixed subtidal study areas were established for random surveys: Diablo
Cove and North Control. Diablo Cove was further divided into north and
south components which were studied separately. In addition permanent
subtidal stations, established in Diablo Cove and control areas during an
earlier study, were monitored for abundance of various species.
10. Random intertidal stations were sampled twice yearly: once during the
minus tides of the fall and winter months and once during the minus tides
of the spring and summer months.
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11. At each random intertidal station, four O.25-m2 quadrats were sampled
along a 30-m transect line placed parallel to shoreline in the low
intertidal. Sampling locations along the 30-m line were determined b.Y
selection from a random number table. Each quadrat was sampled for numbers
of selected invertebrate species (occurring only on exposed rocky surfaces)
and the percentage cover b.Y articulate coralline algae and surfgrasses.
All "soft" red and green algae were collected from quadrats for biomass
determination in the laboratory. In addition to the quadrats, surveys for
abalone were performed in a two meter wide band along the entire 30-m line.
An additional abalone random surve,y was performed perpendicularly-to-
shoreline to monitor abalone over their entire intertidal range.
12. Permanent intertidal stations were also monitored for abalone a minimum of
twice yearly. Three additional permanent intertidal stations, located in
"thermal transition" areas, were established during the course of study.
13. Surveys at random subtidal stations, were conducted once yearly--usually
from June through October.
14. Two survey methods were used at each random subtidal station: a circular,
30-m2 "arc transect" to provide counts and estimates for larger animals and
kelp; and O.25-m2 quadrats, randomly sampled along a linear 30-m
transect, to provide numerical estimates of the smaller animals and biomass
estimates of the "soft" red algae. Numbers of bull kelp, Nereocystis
leutkeana, were counted along one meter to either side of the 30-m transect
line.
-
-
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15. Fish species were also recorded at the random "arc" stations to provide
estimates of percent frequency of occurrence. In addition, another method
of quantifYing fish species dominance was attempted late in the study.
16. Permanent subtidal stations, part of an earlier Fish and Game study, were
monitored for abundance or presence/absence of macro-invertebrates, brown
algae, foliose red algae and fish. Relocating and maintaining these
stations proved to be a chronic problem.
'-"
17. Several auxi11iar,y studies concerning fish were also conducted: tidepool
fish were collected to determine species composition; stomach contents were
analyzed for three species of intertidal fish and three subtidal species;
a catch-per-unit-of-effort study using standard fishing gear also was
attempted in the subtidal study areas.
Field observations on sea otters were made whenever possible to document
their presence and activity within our study areas.
-
19. When commercial abalone and sea urchin fisheries were active in the area,
we monitored their activities and catch efforts in an attempt to assess any
potential influence on these fisheries b,y the power plant.
20. An annual shoreline census of bull kelp was performed in Diablo Cove in
early October to provide another method of estimating the population of
this important marine plant.
-18-
21. When it became evident that power plant cooling system operation would
result in the production of large amounts of foam on the surface of Diablo
Cove
9
we began frequent observations to document the extent of foam under a
variety of conditions.
22. The soft red and green algae collected from intertidal and subtidal
O.25-m2 quadrats were sorted to species in the laboratory and dried to
waterfree weights to provide estimates of their biomass b,y species and in
the aggregate.
23. Statistical analysis 9 in testing the various null qypotheses 9 was primarily
accomplished with non-parametric procedures. These procedures resolve the
problems presented b,y non-normality and heteroscedacticity of data for even
the most common species. Standard ANOVA was used on some of the intertidal
data sets.
24. The combined biomass of all algae species at Diablo Point was the highest
among the four intertidal study areas: The grand mean of the six sampling
periods were 124 g/O.25-m2• The biomass also was clearly greater in
summer than in winter. The dominant algae species or species groups at
Diablo Point 9 in descending order, were: Iridaea complex, Prion1t1s
lanceolata, Gigartina complex, E~thophyllum delesserioides, Microcladia
coulteri, Hymenena spp., Microcladia borealis 9 Iridaea lineare 9
C~ptopleura spp., Gigartina papillata, and Hymenena f'labelligera. These
eleven taxa f'ormed over 95% of' the total biomass at Diablo Point.
--
-
-
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25. Articulated coralline algae cover was two to three times more abundant at
Diablo Point than at the other intertidal study areas. They did not
exhibit a seasonality of cover, nor did they appear to inhibit soft algal
biomass.
26. The surfgrasses, Phyllospadix spp., did not appear at any of the Diablo
Point stations during the course of study.
27. In terms of soft algal biomass, South Diablo Cove was the least productive
of the four study areas: The grand mean for all sampling periods was
53 g/0.25-m2• The twelve dominant species or species groups at South
Diablo Cove, in descending order, were: Gastroclonium coulteri, Iridaea
complex, Prionitis lanceolata, Rhodomela larix, Gigartina canaliculata,
'-- Gigartina papillata, Microcladia coulteri, Ulva spp., Rhodoglossum roseum,
Neoagardhiella bail~i, Prionitis lyallii, and Iridaea heterocarpa. These
taxa formed ~ver 90% of the total biomass at South Diablo Cove.
28. Articulated coralline algae cover at South Diablo Cove was also lowest
among the four study areas. Although coralline cover appeared to vary
during the study, there was no obvious seasonality to its variation. There
was also no evident relationship between coralline cover and soft algal
biomass.
29. Surfgrass is an important component of the flora at South Diablo Cove where
it was second in percentage cover among the study areas. There was a
-20-
significant, negative relationship between surfgrass cover and soft biomass
at this stuQy area, perhaps indicating an inhibition of algae by the
surfgrass.
30. In terms of algae biomass, North Diablo Cove was second most productive
among the intertidal stuQy areas: The grand mean of all six sampling
periods was 74 g/0.25-m2 • The summer periods showed significantly
greater amounts of algae than the winter periods. As in South Diablo Cove,
twelve species or species groups formed over 90% of the total biomass. In
descending order these were: Iridaea complex, Gastroclonium coulteri,
Gigartina canaliculata, Prionitis lanceolata, Gigartina complex,
Cryptopleura spp., Microcladia coulteri, Hymenena spp., Botryoglossum
farlowianum, Rhodoglossum roseum, Gigartina papillata, and Neoagardhiella
baileyi.
31. As it did for algal biomnass, North Diablo Cove showed the second highest
average amount of articulated coralline algae cover among the four
intertidal study areas. Although varying significantly through the six
sampling periods, the articulated corallines did not demonstrate a distinct
seasonality. There was no significant relationship between coralline cover
and soft algal biomass at North Diablo Cove. ~
32. Although surfgrass, Phyllospadix spp., is an important part of the North
Diablo Cove Intertidal, its average cover was the lowest of the three study
areas where it was found. It did not appear to vary seasonally. As in
South Diablo Cove, surfgrass appeared to inhibit soft algal biomass.
--21-
33. The average soft algal biomass at North Control Intertidal was just
slightly less than that at North Diablo Cove--about 72 g/O.25-m2• Bio-
mass seasonality was quite clearcut--the summers were obviously the periods
of greater productivity. Algal species diversity at North Control was
lower; only nine species or species groups formed 95% of the total biomass.
In descending order these were: Iridaea complex, Gastroclonium coulteri,
Prionitis lanceolata, Gigartina canaliculata, Gigartina complex, Gigartina
E,apillata, Cryptopleura spp., Hymenena spp., and Botryoglossum farlowianum.
34. Articulated coralline algae cover at North Control Intertidal was the third
lowest of the four study areas. As in the other study areas, there was no
seasonal trend in the coralline algae cover at North Control. However,
unlike the other areas, there appeared to be a positive relationship
between coralline algae cover and soft algae biomass at this area.
35. Surfgrass cover at North Control Intertidal showed the highest average
among all the study areas. The cover was also the most stable over the six
sampling periods of all the stUdy areas. The relationship between
surfgrass cover and soft algae biomass was strongly negative, suggesting,
as in Diablo Cove, an inhibitory effect on soft algae biomass.
36. A comparison of the soft algal biomass of the intertidal study areas shows
that each area appears different, although statistically North Diablo Cove
is similar to North Control and South Diablo Cove is also similar to North
Control (North and South Diablo Coves are dissimilar). Diablo Point is
the most different area in terms of biomass. Although there is great
-22-
variability between areas, each area seems to produce a characteristic
amount of soft algal biomass that might be considered "predictable."
37. Relative algal species composition is also different among the intertidal
study areas, although many species are shared in common. With the
exception of Diablo Point, the same four taxa represent at least 70% of the
total biomass at the study areas: Iridaea complex, Prionitis lanceolata,
Gastroclonium coulteri, and Gigartina canaliculata. Of these, the Iridaea
complex, is by far the greatest component of the total of biomass and alone
accounts for most of the increased summer productivity.
38. Articulated coralline algal cover also varied significantly among the
intertidal study areas. As it was with soft algal biomass, South Diablo
Cove showed the least coralline cover and Diablo Point the most, b,y far.
Variability of coralline cover within each study area during the sampling
periods was generally low, indicating that this group of red algae is
fairly stable.
39. Surfgrass is an important intertidal floral component at three of the study
areas; it did not appear in samples taken at Diablo Point. As with the
articulated coralline algae cover, each study area possessed an average
8urfgrass cover that tested as significantly different from the other study
areas. Within-area variability of surfgrass cover appeared quite low.
40. Although the intertidal study areas appear to sustain many species of small
invertebrates, especially among the "shrubby" algae, there were relatively
few of the common species of macro-invertebrate taxa recorded here; these
-
-
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taxa include: Pugettia producta, Pugettia richii/gracilis complex,
Fissurella volcano, Acmaea spp., Tegula brunnea, Tegula funebralis,
Tonicella lineata, Serpulorbis squamigerus, Henricia leviuscula,
Leptasterias spp., Pisaster ochraceous, and Strongylocentrotus purpuratus.
Nine of these taxa occur commonly enough in all study areas to be
statistically compared. In addition, size information for six of the taxa
is presented.
41. Statistical analysis of the data for the common intertidal nBcro-inverte-
brates indicates that each stu~ area, except North Diablo Cove, possesses
at least six taxa that demonstrate within-area stability over the sampling
periods. North Diablo Cove had only two such taxa.
42. A statistical comparison of the common intertidal nBcro-invertebrates
showed that none of the taxa were comparable between all four stu~ areas
or were completely "stable" through the six sampling periods.
43. The size frequency structure of each of the six intertidal macro-inverte-
brates measured during the study appear to be generally similar from area
to area. That is, while each area appears to support different population
levels of the selected taxa, the physical sizes for most of the taxa seem
to be comparable between stu~ areas.
44. Populations of intertidal black and red abalone from the random stations
varied from stu~ area to stu~ area. Black abalone were more abundant
than red abalone along both parallel-to-shoreline and perpendicular-to-
shoreline transects. There appeared to be a decline in some of the abalone
populations at the parallel stations after the first sampling period of
-24-
1973-74, but thereafter both species seemed to remain fairly stable. Black
abalone at the random perpendicular stations remained fairly stable in each
of the stuQy areas and the population levels at these areas were
significantly different from each other (North Diablo Cove showed the most
black abalone, South Diablo Cove the least). Red abalone also remained
stable at the perpendicular stations of each study area, after the first
sampling period, but at very low levels.
45. Black and red abalone counts at permanent intertidal stations varied
considerably from year to year. At the end of this stuQy period (swmner
1978) most stations showed mean densities of black and red abalone quite
near the initial mean densities.
46. The biomass of Diablo Cove subtidal soft red algae, sampled at O.25-m2
random stations during 1977 and 1978, appeared to be quite stable for both
years. However, stations in North Diablo Cove were substantially more
productive than stations in South Diablo Cove. Species diversity also
appeared higher in the northern portion of the cove.
47. The biomass of subtidal soft red algae from North Control random O.25-m2
stations was significantly higher than Diablo Cove subtidal stations during
both years. Species diveristy was somewhat lower.
48. Eight species or species groups of soft red algae comprised the greatest
proportion of the biomass in both Diablo Cove and North Control random
subtidal stations. These taxa are: Botryoglossum!Hymenena complex,
Gigartina corymbifera!exasperata complex, Iridaea cordata var. splendens,
i .....,
-
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Neoti10ta densa, Opuntie11a ca1ifornica, Prionitis 1anceo1ata, Microc1adia
cou1teri, and Ca11ophy11is pinnata. These same taxa were analyzed for
depth distribution.
49. Three species of brown algae have been closely monitored at 30-m2 arcs
and 0.25-m2 quadrats surveyed at random subtidal stations during the
course of the study--Laminaria dentigera, pterypophora ca1ifornica, and
Nereocystis 1uetkeana. Since 1974, numbers of both Laminaria and
pterypophora have increase dramatically and significantly at the 30-m2
stations in Diablo Cove; Laminaria has had a similar significant increase
in North Control while the apparent increase of pterypophora was not
statistically significant. As these two species of kelp have increased,
the third species, Nereocystis, has declined significantly since 1975 in
Diablo Cove 30-m2 stations and had an apparent decline in North Control
during the same period. Depth relationships of the three species have also
been analyzed and seem to vary according to the species, the area, and
study method.
50. Of the hundreds of species of invertebrates identified from the random
subtidal surveys, relatively few were common enough to merit quantification
and analysis. The results for 19 invertebrates species which appear at
either the quadrat stations, the arc stations, or at both, are presented in
this report. Mean numbers per station, frequencies of occurrence, and
statistical analyses are presented for each of these species in North
Diablo Cove, South Diablo Cove, and North Control study areas. Data for
the remaining, less common species are summarized in the appendices. The
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19 species include the following: Tethya aurantia, Anthopleura
xanthogrammdca, Balanophyllia elegans, Epiactis prolifera, Cancer
antennarius, Acmaea mitra, Astraega gibberosa, Doriopsilla albopunctata,
Haliotis rufescens, Homalopoma luridum, Serpulorbis squamigerus, Tegula
brunnea, Tonicella lineata, Henricia leviuscula, Patiria miniata, Pisaster
giganteus, Pycnopodia helianthoides, Strongylocentrotus franciscanus, and
Stlela montereyensis.
51. The 19 invertebrate species at the random subtidal stations varied in
different ways depending on the study area and study method--some species
increased in abundances while others decreased. The most dramatic decrease
of an invertebrate species during this study, and the one with the most
far-reaching ecological consequences, is the near-disappearance of the red
sea urchin, Strongylocentrotus franciscanus. Before the arrival of the sea ~
otter, the red sea urchin was probably the most abundant macro-invertebrate
species in Diablo Cove. Red abalone, Haliotis rufescens, another prey
species for the sea otter, was at very low levels of abundance at the
beginning of the study and has not changed significantly since then in
either subtidal study area.
52. Fish species observed at the subtidal 30-m2 random arc stations were
also recorded. Thirty-seven species, representing 13 families, were
observed in the North Control subtidal area. On the basis of percent
frequency of occurrence, the two areas share in common, although in
slightly different order, the same 14 species in the upper ranks of
occurrence (with the exception of one species in North Control). In
general order of descending frequency of occurrence the fish are: blue
-
'-'
'-'
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rockfish, painted greenling, striped surfperch, black and yellow rockfish,
senorita, kelpfish, cabezon, snubnose sculpin, kelp greenling, gopher
rockfish, olive rockfish, pile surfperch, blaCk-eye goby, and lingcod.
These 14 species were generally observed with the same frequencies of
occurrence in the two study areas. Nine of these species are important to
sport and/or commercial fisheries.
53. Observations of fish from the O.25-m2 quadrat stations appear to be
less adequate than the 30-m2 arc stations in reflecting the "true"
occurrence of larger species of fish. The strengths of the quadrat
observations seem to lay in the ability to denote the presence of smaller
species such as the sculpins and kelpfish.
54. A total of nine permanent subtidal stations, established in an earlier Fish
and Game study, was monitored during the period of this study: five in
Diablo Cove and four in control areas. Later, one additional Diablo Cove
station was established. Organisms monitored at these stations included
brown algae, macro-invertebrates and fish. Owing to problems of
re-locating and maintaining the exact positions of the permanent markers of
all the stations, there is probably variability in the data that cannot be
accounted for. However, the population trends of major plants and animals
at the permanent stations usually paralleled the results at random subtidal
stations.
55. Two kelp species, Laminaria dentigera and Fterypophora californica,
increased dramaticallY at the shallower permanent stations in Diablo Cove
after initial surveys in 1974. Their increase at Control stations was
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apparent but less obvious. The third species counted, Nereocystis
1uetkeana, followed the trend noted at Diablo Cove random stations where
its numbers steeply declined after 1975.
56. Mean densities of the 11 species of macro-invertebrates counted at the
Diablo Cove and Control permanent subtidal stations are presented in this
report: Tethya aurantia, Anthopleura xanthogrammica, Cancer antennarius,
Astraea gibberosa, Dendrodoris albopunctata, Ha1iotis rufescens, Patiria
miniata, Pisaster giganteus, Pycnopodia helianthoides, Strongylocentrotus
franciscanus, and Stye1a montereyensis. In general, most of the species'
counts at the various stations fluctuated without obvious trend over the
period of stuQy. However, the red sea urchin, ~. franciscanus, declined
severely at most stations after surveys in 1973. Red abalone, H.
rufescens, were common in 1973 only at one station, in Diablo Cove, when
their numbers also began to diminish rapidly and have remained very low
since.
57. A total of 31 species of fish were observed at the six Diablo Cove
permanent stations, while 28 species were noted at the four permanent
control stations. Blue rockfish and painted greenling were the most
frequently observed species in either area.
58. Results of the random and permanent subtidal studies are discussed in
further detail. Trends noted in various populations of organisms, and
their possible or probable causes, are also commented on. Four null
hypotheses were constructed to test the data of the pre-operational phase
of this stuQy, and these are also discussed in relation to the subtidal
invertebrates.
-
'"'
-
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59. A separate study of fish populations, in Diablo Cove, using intervals of
observation, was not performed with a sufficient sample size to provide the
hoped-for statistical analysis. However, on the basis of percentage of
timed intervals during which the fish were observed, the method ranked 10
of the 14 species noted at the 30-m2 arc stations at the top of the
occurrence structure.
60. Two collections of intertidal fish were made in the North Control area and
one was made in South Diablo Cove. Due to the small areas sampled, and the
use of different collection methods, the results are difficult to compare.
GenerallY, the most common species from these collections were kelpfish,
black prickleback, rock prickleback, fluffy sculpin, wooly sculpin, and
high cockscomb.
61. Thecatch-per-unit-of-effort study, terminated in 1976, showed that blue
rockfish was the most frequently caught species in either Diablo Cove or
North Control study area. Other species commonly caught were gopher
rockfish, black rockfish and lingcod. Although North Control showed a
higher catch/effort than Diablo Cove, this difference may be attributable to
the dense bull kelp forest that existed in Diablo Cove during 1974-76, which
physically hindered rod and reel jig line fishing.
62. Stomach contents of six fish species were collected and examined to
determine relative composition and importance of food items. A total of
205 stomachs was collected from striped kelpfish, gopher rockfish, black
and yellow rockfish, grass rockfish, black prickleback, and rock
prickleback. Crustaceans were the most frequently observed prey group in
five of the six fish species studied. The exception was the rock
prickleback which appears to feed largely on foliose red algae.
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63. The main southern migratory front of sea otters reached Diablo Cove in 1974
when a raft of 30-40 animals moved into the area. Observations of this
southern front indicated a cyclical nature to the otter's movements with a
southward expansion occurring in the spring months followed b,y a return to
the north in the fall and winter. B.r 1975, the sea otter front had reached
Pecho Rock, approximately 3 km south of Diablo Cove. Although the main
front is now well past Diablo Canyon, individual otters are still often
observed foraging in Diablo Cove and divers frequently see freshly empty
abalone shells, with characteristic signs of sea otter predation, in both
subtidal study areas. Observations made in 1973-74 indicate that abalone
and sea urchins made up over 70% of the otter's diets.
64. The commercial fisheries for abalone and sea urchin no longer exist in the
Pt. Buchon to pt. San Luis area. The abalone fishery was well-established
for many years and its demise seems firmly correlated, chronologically and
geographically, to the southward expansion of the sea otter. The sea
urchin fisher,y was a short-lived one, existing in this area for less than
four years. Its failure was due initially to economics and, finally,
removal of sea urchins by sea otters. With the continued presence of sea
otters in the area, it is unlikely that any sport or commercial
invertebrate fisher,y will again be successful here.
65. Annual censuses of bull kelp, Nereocystis luetkeana, in Diablo Cove
indicated that its popUlation reached peak numbers in 1975 and since then
has declined steadily. In 1977 giant kelp, Macrocystis BYrifera, was first
observed in Diablo Cove and seems to be increasing as bull kelp decreases.
-
-
-
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66. Observations on foam conditions were made in 1976 in Diablo-Cove during and
without cooling system pump operation. Foam was generally more prevalent
and thicker during pump operation than under natural conditions. Amounts
of foam generated either naturally or by the discharge varied according to
wind speed and sea state as well as tidal stage.
67. Conclusions and recommendations concerning the various components of this
study are made at report end.
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INTRODUCTION
An ecological study of selected nearshore marine plants and animals in the
vicinity of Diablo Canyon (Figure 1) was conducted from 1973 through 1978 to
develop additional baseline data prior to operation of Pacific Gas and Electric
Company's Diablo Canyon Power Plant (DCPP).
The power plant will discharge heated ocean water from its cooling system.
This water, heated approximately 10°C (20°F) above the ambient ocean
temperature, will be discharged directly into Diablo Cove (Figure 2). Because
of the projected temperature elevation due to the discharge, it is anticipated
that many of the cold-water adapted plants and animals ~ not tolerate this
change. This discharge may influence species in both subtidal and intertidal
communities and, therefore, the study was designed to emphasize these two
communities. The study was limited to measuring density, biomass, or
presence/absence of the larger, more common invertebrates, fishes and the more
abundant algae.
This study was conducted because an earlier baseline study by California
Department of Fish and Game in 1970-71 (Burge and Schultz 1973) to document
seasonal, annual, and spatial variations of the Diablo Canyon marine community,
would probably be invalidated b,y the movement of the sea otter, Enhydra 1utris,
into the area. The sea otter "frontier" reached Diablo Canyon in 1974.
Prior to the beginning of this study, human activity was relatively low in
the area. There were sport and commercial fisheries, operating nostly from
boats, for species such as red abalone, Ha1iotis rufescens; crab, Cancer spp.;
and several species of fish.
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The rationale of the study design was to develop data on selected species
to serve as baseline information which will be used to detect changes in
species densities or in species composition of the existing communities once
the power plant is operating. These changes might include the decrease,
increase, or disappearance of certain species, and perhaps recruitment of
species new to the area. At this point, it is difficult to predict the nature
or magnitude of possible changes. Any change could be either beneficial or
detrimental to the existing community of the area. This, in turn, could haVe
an economic impact on the sport and commercial fisheries.
Prior to this stuQy in 1973, most ecological studies used permanent
stations to attempt to describe biological change in an area. Permanent
stations, chosen to be representative of a stuQy area, have fixed perimeters
and are sampled repeatedly throughout the course of study. An alternative to
this method is to use a random sampling plan in which an entire stuQy area can
be sampled and which allows generation of statistical estimates of abundance of
target species in that area. Because we felt permanent stations were more
susceptible to catastrophic change due to natural causes (such as landslides,
erosion, scouring, and local invasion of predators) and limited our ability to
interpret popUlation trends in the study area, we decided that a random study
design should be our major approach. Random stations also offered the
opportunity to estimate with identifiable levels of precision, seasonal and
yearly fluctuations in abundance, and abundance by depths of the common macro-
species (approximately ~ 10 mm) throughout Diablo Cove and control areas before
the power plant began operating.
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History
Involvement of Department of Fish and Game
Biologists of the California Department of Fish and Game have been
conducting studies of the marine life in the vicinity of Diablo Canyon since
1966.
Prior to 1966, the only data available for the Diablo Canyon area were
Department records of commercial and sport fisheries. These records include
statistics describing commercial abalone and finfish catches and sport catches
from partyboats in the Diablo Canyon area (Fish and Game Catch Blocks 614 and
615). Some of these were summarized by" Clark (1966), who estimated that the
average annual commercial harvest of red abalone between pt. Buchon and pt. San
Luis was 621,000 lbs. Of this harvest, an average of 6,200 pounds was
estimated to come annually from Diablo Cove. The annual finfish catch from
Diablo Cove by' commercial and sport fisherman was estimated to be approximately
2,300 Ibs annually (Clark 1966).
The first Department surveys related to the power plant were conducted in
May 1966 (Ebert 1966). Ebert's diving surveys indicated that the largest
concentration of abalones was located south (near Pecho Rock) and north (near
pt. Buchon) of Diablo Cove. Ebert estimated the population of red abalone,
Haliotis rufescens, between Lion Rock and the cove south of what 1s now Intake
Cove to be approximately 6,000 animals. He also indicated an interrelationship
between abalones, sea urchins and brown algae.
-
-
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In December 1966, the Resources Agency of the State of California and
Pacific Gas and Electric Company (PG&E) entered into an agreement for PG&E to
fund an ecological study to be conducted Qy the California Department of Fish
and Game at the site of the proposed Diablo Canyon Power Plant. This study, to
be conducted between pt. Buchon and Pecho Rock (Figure 1), was designed
specifically to document the occurrence of important sport and commercial
species in the Diablo Canyon area. The California Supreme Court in 1972 voided
the agreement between the Resources Agency and PG&E; however, the Department of
Fish and Game continued to be involved in ecological studies at Diablo Canyon
at the request of PG&E.
In 1969, Department biologists established five permanent intertidal and
eleven permanent subtidal stations in Diablo Cove and Control areas north and
south of Diablo Cove (Figure 3). The objectives of these studies were to
establish abundance levels for abalones, abalone predators and competitors.,
fish, and brown algae at each of these stations. In addition, the species
composition of fishes in Diablo Cove and the cove just north of Diablo Cove
(Field's Cove) was determined Qy extensive fish collections. The surveys of
the permanent stations were conducted during 1970 and 1971 (Burge and Schultz
1973) •
In 1973, the southern front of the sea otter in California moved into the
area just south of pt. Buchon. Because of the known impact on abalone and sea
urchin populations by sea otters, PG&E and the Department of Fish and Game felt
that additional baseline studies were needed in Diablo Cove to document the
arrival of the sea otters and their effect on the biota of Diablo Cove.
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In July 1973, the present stuqy was begun with a new contractual agreement
between PG&E and the Department of Fish and Game for the Department to conduct
intensive quantitative studies of the intertidal and subtidal communities in
Diablo Cove and a control area north of Diablo Cove (Figure 3).
Man's Impacts 1969-1978
Several phases of the construction activities and testing of the power
plant have affected the marine communities in and around Diablo Cove. The
construction of two breakwaters to form the Intake Cove was one of the first
major construction impacts on the marine communities. In order to minimize the
impact, several thousand abalones were removed between 1969 and 1972 by PG&E
and Department divers from the reefs that would be covered b,y the breakwaters.
The abalone were replanted in suitable rocky habitat away from the site.
Following breakwater installation, two cofferdams were built to permit the
construction of the seawater intake and discharge structures. Cofferdam
construction resulted in losses of habitat and marine life. In this case, too,
divers removed and replanted hundreds of abalones prior to placement of the
Diablo Cove and Intake Cove cofferdams (Burge and Schultz 1973).
The most significant impact (through 1972) occurred with the construction "
and removal of the cofferdam in Intake Cove. There, large amounts of silt
within the cofferdam itself were deposited over the sea floor (Burge and
Schultz 1973). This silt smothered most bottom organisms behind the cofferdam
as well as throughout the Intake Cove. Because of the siltation, Intake Cove
was no longer considered suitable habitat for abalones and, in May 1972, PG&E,
Department of Fish and Game employees, and students from California Polytechnic
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State University, San Luis Obispo, removed 741 abalones from Intake Cove.
These abalones were replaced in suitable habitat away from site (Warrick 1974).
Silt depths in Intake Cove at the conclusion of construction ranged from a few
inches to several feet. Attempts by PG&E in 1974 and 1975 to remove silt from
Intake Cove by dredging, were only partially successful (Gotshall, Laurent,
Ebert, Wendell, and Farrens 1974; Gotshall, Laurent, and Wendell 1976).
Natural silt deposition due to the quiet water created by the Jetties also
contributed to the problem.
Removal of the Diablo Cove discharge structure cofferdam in 1974 did not
appear to cause any long-lasting impacts of siltation because proper fill
material had been used in this case. In fact, the intertidal area where the
cofferdam was located appeared to recover within a year after cofferdam
removal.
In June of 1974, testing of the Unit 1 cooling water s,rstem was begun. The
testing of the pumps continued through the spring of 1977 with several periods
of pump shutdown (Figure 4). Three potential problem areas directly related to
pump operation that would affect the plant and animal communities in Diablo
Cove became evident during and after pump testing: turbulence; surface foam
(Gotshall, Laurent, and Wendell 1977); and discharge of high levels of copper
corrosion products from copper-nickel condenser tubes (Gotshall et ale 1976),
of the three, the release of copper presented the most serious and immediate
problem.
On July 21, 1974, Department of Fish and Game personnel discovered a number
of dead red abalone, H. rufescens, and black abalone, [. cracherodii, in the
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south part of Diablo Cove (Gotshall et ale 1976). Subsequent subtidal and
intertidal investigations found dead or stressed abalone in Diablo Cove but not
at a control area 1 mile north of the cove. Gill and digestive gland tissue
were taken from abalone in Diablo Cove and North Control and analYzed for heavy
metals. Abalones from Diablo Cove had concentrations of copper four to twelve
times higher than abalones from North Control (unpublished memorandum to the
Nuclear Regulatory Commission Qy Michael Martin, California Department of Fish
and Game, Monterey, California). The investigation also indicated that several
species of plants in the Cove had accumulated above-normal levels of copper in
their tissues. The copper ion problem was resolved when PG&E replaced the
copper-nickel condenser tubes in the cooling s,ystem with titanium alloy tubes
in 1975. We have not observed any further direct mortalities since the
copper-nickel components were replaced.
During the PumP testing, we also observed large amounts of foam in certain
portions of Diablo Cove. The continuous presence of foam may decrease light
penetration significantlY enough to hinder algal growth and reproduction. PG&E
personnel are continuing to study factors creating the foam and are
investigating the effects of the foam on photosynthetically active wavelengths
of light.
Diving surveys after periods of pump testing indicated that the souring Qy
the discharged water removed most plants and animals from the area where the
discharge contacted the bottom.
-
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Natural Impacts
Several natural phenomena that have affected our studies have taken place
in the Diablo Canyon area since 1973: the arrival of the sea otters in May
1974; a bloom of a "red tide" dinoflagellate in the fall of 1974; heavy rains
and storm seas during the winter of 1974-75; and the drought of 1975-76 and
1976-77.
The arrival of approximately 40 sea otters in Diablo Cove during the spring
of 1974, triggered a series of changes in the plant and animal communities in
Diablo Cove that we have been able to document; in fact, we consider the effect
of the sea otter foraging to be the most dynamic and long-lasting of all
impacts, natural or man-caused, that we have observed.
The "red tide" that occurred during October and November 1974 appeared
particularly intense in the South Diabo Cove. Previous occurrences of red tide
have been associated with large-scale mortalities of invertebrates and fish.
Final~, the effects due to heavy seas caused qy intense winter storms and
side effects of the drought years (for example, observed dessication and
die-off of some intertidal algae species) have undoubtedly contributed to some
of the variability of data that we have observed in our study.
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OBJECTIVES
The objectives of our studies at Diablo Canyon since 1973 have been to
establish a new baseline and document any changes in populations of the common
macro-animals and plants (approximate~~ 10 rom) in Diablo Cove, and to
determine if the changes are statistically significant. We also hoped to
learn if the specific cause or causes for the changes were attributable to
man's impact or natural influences.
Specifically, our stratified random sampling plan was designed to measure
densities of the common plants and animals in the intertidal and subtidal
environment of Diablo Cove and our Control area. The stratified random
sampling would permit us eventual~ to expand mean counts/area into population
estimates for the Cove in order to estimate population increases or decreases
that might occur in Diablo Cove due to construction and operation of the power
plant or to natural causes. In this report, we have not made any population
estimates.
The following null qypotheses were to be tested at the end of our
pre-operational study:
Null Hypothesis 1: Comparability of Study Areas.
There is no significant difference in sample mean densities of specific
invertebrates or algae biomass between South and North Diablo Cove or between
Diablo Cove and the control areas.
-
-
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Null Hypothesis 2: Temporal Stability of Study Areas.
There has been no significant change in sample mean densities of specific
invertebrates or algae biomass over the time span of the study.
Null Hypothesis 3: Comparability of Depth Distribution.
There is no significant difference in sample mean densities of specific
invertebrates or algae biomass between shallow and deep subtidal stations in
Diablo Cove and the control areas.
Null Hypothesis 4: Temporal Variability Within a Sampling Period.
There was no significant difference over time in sample mean densities
during a particular sampling period of 3 to 4 months.
Statistical Analysis
Data analysis for ecological surveys with diversity of species with spatial
and temporal variations in no simple task. The scarsity of many species and
the contagious spatial distributions of most species make it difficult to
directly use models amenable to well-established statistical procedures; e.g.,
t-test, F-test, etc. However, we wanted to do !YOre than use mere oosic
descriptive statistics on our survey data. Besides establishing certain
baseline values on various subsets of the ecological survey data, it was
desirable to do some hypotheses testing to establish effects of space-time
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variations among subsets of data. Except for a few occasions when we take
advantage of the robustness of the analysis of variance procedure with respect
to its tolerance to non-normality, most of our analyses were carried out with
non-parametric procedures, namely the Mann-Whitney test and the Kruskal-Wallis
test. These procedures offer the advantage of uniformity of statistical
procedures for the multitude of subsets of data comparisons. Otherwise, we
would have to determine the best model to approximate each subset distribution
or to carr,y out different transformations for most analyses. The task would be
immensely more complicated in view of the future necessity of comparing
pre-operational and operational survey data. Non-parametric statistics furniSh
such a desired flexibility since they can be thought of as distribution-free
procedures, freeing the investigators from constantly worrying about the
soundness of most underlying assumptions for parametric tests (Gertz, 1978).
In essence, we have chosen approximate methods for exact problems, over exact
methods for approximate problems. The asymptotic relative efficiency of the
Mann-Whitney test is 0.955 as compared to the t-test if the underlying
distribution is normal. The Kruskal-Wallis test has a similar efficiency of
0.955 as compared to the usual parametric F-test for the analysis of variance.
These efficiencies could be higher if the assumptions for the parametric tests
were not met (Conover, 1972). Most of the analyses reported are
straightforward comparisons between data subsets. It is hoped that such simple ~
approaches will provide general assessments to the pre-operational ecology of
Diablo Cove. These ranking tests are used to analyze differences between
median values rather than between mean values and it is assumed, for this
report, that if the medians are significantly different, so are the means
(Elliot, 1977).
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OPERATIONS
From July 1973 through December 1978, our field and laboratory studies
consumed 6,189 man-days of which 4,060 were at the site (Appendix la). During
this period, we completed 643 surveys of permanent and random stations; 262 in
the intertidal (Appendices lb and Ie) and 381 in the subtidal (Appendices ld
and Ie). We also made three tidepool fish collections. Shore surveys of the
bull kelp, Nereocystis luetkeana, in Diablo Cove were conducted once each year
in the fall ~rom 1973 to 1978. Shell lengths of intertidal red and black
abalone were measured as time permitted. In addition, we completed 268 sea
otter observations, 170 fish catch-per-unit-of-effort-stations, 113 commercial
abalone and urchin fishermen interviews, and 98 foam observations in Diablo
Cove.
In 1978, most of our time was involved with data analysis and preparing
this report. Field sampling was curtailed to the extent that we did not survey
random 30-m2 arcs, nor did we conduct surveys at the random intertidal
stations.
Our laboratory time was spent in processing 1,049 algae samples for
taxonomic identification and biomass measurement (dry weight), and 205 fish
stomachs for content analysis.
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INTERTIDAL STUDIES
Study Areas and their Physical Descriptions
Diablo Point
Diablo Point is a narrow peninsula located at the southern entrance to
Diablo Cove (Figure 5). The intertidal stations are located on the exposed
seaward portion of this prominence. Although this study area receives some
protection from waves due to the presence of offshore rocks, it is still
SUbjected to much greater wave energy than any of the other study areas. This
is due to the greater depths of the water surrounding Diablo Point: wave
energy dissipates in shallow waters. As a consequence, zonation of plants and
animals on this point has been affected. Organisms normally found in the lower
intertidal regions in more protected areas occur in the mid- and even
upper-intertidal levels on Diablo Point because of surge and wave splash.
The substrate at the Diablo Point stations is composed of a hard
metamorphic rock. Erosion from both biological and geological processes has
created numerous small depressions, ledges, and fissures which provide
protection for many plant and animal species. The slope of the intertidal
region, especially in the +1.0 m (+3') to -0.6 m (-2') range, is quite steep,
often exceeding 45 degrees. Above the + 1.0 m height, the intertidal flattens
and is nearly table-like for an average width of about 7 m (20'), beyond which
the slope again steepens. There is no sand, gravel, or cobble in the transect
areas.
--
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South Diablo Cove
South Diablo Cove intertidal (Figure 5) is composed of a variety of
habitats. The substrate is predominantly flat bedrock but there are also large
patches of sand, raised rocky seams, large and small boulders, and pools with
gravel and cobble. There is little permanent cryptic habitat (e.g. cracks,
crevices, or other areas not easily accessible). The slope of this area is
gentle, and the intertidal region averages about 30-m to 35-m wide. The
intertidal is bordered on land Qy a steep sedimentary bluff approximately 24-m
(80') high. This bluff is probably the most rapidly eroding locale of any of
the study areas and has suffered at least two large landslides since our study
began. This bluff contributes significant amounts of sediment, from the size
of boulders to silt, to the intertidal and subtidal regions. Another origin of
sediment in Diablo Cove is Diablo Creek; a source that IlIBiY" have been reduced by
streambed alteration and damming Qy PG&E.
Because of topographic configuration and current patterns in the Cove, the
South Diablo Cove area seems to receive most of the material entrained Qy water
transport, be it flotsam or sediment. Protection from storm waves from the
north by Diablo Rock, and winter storm waves from the south by Diablo Point,
creates a comparatively quiet-water area in which transported sediments settle
out and tend to remain until winter storms remove it.
North Diablo Cove
Substrate composition of the intertidal area in the north part of Diablo
Cove (Figure 5) is much more homogeneous than that of South Diablo Cove. For
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the most part, the substrate is comprised of large, fairly permanent boulders
over1~ing bedrock. In the higher region, above the +1.2 m (+4') level, the
substrate is composed of smaller rocks and gravel. In a 30-m to 50-m long
section of the northermost corner of this area, sand invades the low and
mid-intertidal. At the mouth of Diablo creek, the substrate is mostly gravel.
The width of the intertidal region averages about 25-m to 30-m.
Because of the large boulders, there is a great deal of substrate relief in
this area which provides cryptic habitat important to a number of animals such
as abalone, crabs, and fish. The average slope of the intertidal zone is
slightly greater than that of South Diablo Cove. Water circulation is stronger
in the North Cove than in the south, and there is also more exposure to storm
seas, especially during the winter when storm waves often come from the south.
North Control
The substrate of the North Control intertidal (Figure 6), and the habitat
that it forms, can be best described as a combination of the three stuqy areas
in Diablo Cove. There is a small, semi-exposed point resembling Diablo Point,
exposed bedrock as in South Diablo Cove, and large boulders similar in size and
exposure to those found in North Diablo Cove. The average width of the -
intertidal is about 20-m.
Although this area directly faces the sea, it receives some protection from
wave energy by scattered offshore rocks and b.Y a fairly extensive shallow
subtidal that also dampens waves. Because of shoreline configuration and the
combination of exposure and protection, this area is a "catchment basin" for
--
-
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drift algae torn loose by storm seas. At times these algal drifts can be two
to three feet deep in some portions of the intertidal.
Random Station Studies
Macroflora
Methods
A. Field
Of the four locales established as intertidal study areas (Figures 5 and
6), three of them are expected to be affected by the discharge of heated water;
two (North Diablo Cove and South Diablo Cove) are within Diablo Cove, situated
to either side of the discharge, and another (Diablo Point) is on an exposed
point at the opening of the Cove. The fourth (North Control) is well removed
(to the north) from possible influence by the heated discharge and serves as a
control area. The stations were named for their locations and will be referred
to in this report by their initials: North Diablo Cove Intertidal (NDCI),
South Diablo Cove Intertidal (SDCI), Diablo Point Intertidal (DPI), and North
Control Intertidal (NCI).
The study areas were divided into stations each about 30-m long. At NDCI
and SDCI, nine stations were established; at DPI, three; at NCI, ten.
Random sampling was performed at each station twice yearly to determine
seasonal differences in biomass: once during the minus tides of fall and
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winter; and once during the minus tides of spring and summer. A consistent
sampling procedure was established at the beginning of the study in order to
minimize sampling error.
Because there is an approximate 3 meter (9') range from the highest tide to
the lowest tide (Figure 7) which covers a large area of the intertidal, we
decided to limit the portion of the intertidal that we sampled to minimize
sample variability. For the most part, this dec is ion was made because of
manpower limitations. In determining which section of the intertidal to
exclude from sampling, we reasoned that the higher portions of the intertidal,
that is, the areas above mean sea level (~+0.9 m), would be more likely to
contain plants and animals better adapted to higher temperature regimes since
they experience greater exposure than organisms of the lower intertidal
(Ricketts, Calvin, and Hedgpeth 1968; Moore 1966). Because our study was
designed to identify temperature-related effects, we decided to sample the
intertidal in regions lower than +0.9 m. Preferably, the samples were to be
taken in habitat.:!:. 0.5 m relative to the O.O-m tide level MLLW (Mean Lower Low
Water) to include the more temperature sensitive organisms. Intertidal
sampling dates and tide levels are listed in Appendix 2.
To minimize sampling error due to habitat differences and sampling
difficulties, the surface enclosed Qy a randomly placed quadrat had to be at
least 75% rock, with no more than 25% of the area covered Qy water.
Based on work done earlier in the project, a sampling program was designed
based on manpower availability and calculated sample size necessary to detect a
40% change in total algal biomass means at the 95% confidence level within a
study area.
-
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The calculated sample size formula (Elliott 1971) is:
n = sample size
t = critical value of Student's t-distribution at a = 0.05
s = sample standard deviation
D =relative percentage error of the mean
x = sample mean
The sample size for total algal biomass per study area was determined to be
approximatelY 30 quadrats.
Sampling for algae at the intertidal stations consisted of quadrat sampling
at four selected points along a 30-m long linear transect for all soft,
non-calcareous algae. The transect line was laid from an arbitrary starting
point parallel to shoreline and as nearly level as possible. The quadrat
device selected for sampling was a square frame, 0.25-m2 in area, measuring
0.5 m on a side. Four quadrats were sampled at each station. Their locations
were determined b,y pre-selection of numbers from a random number table,
corresponding to the marked increments on the transect line (from one to
thirty). In addition four alternate numbers were selected in case any of the
four primar,r locations were rejected for smapling. The square quadrat was
positioned with its center over the selected incremental mark on the transect
line.
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At each quadrat, the following information was recorded: time of sampling,
estimated height of quadrat center above water level at time of sampling,
quadrat slope, estimated percentage cover of articulated coralline algae, and
estimated percentage cover of Phyllospadix spp. (surfgrass). Any "soft",
non-calcareous red and all green algae species occurring within each quadrat
were removed Qy picking and scraping and placed with seawater into an
appropriate~ marked plastic bag for later treatment in the laboratory. Counts
of individuals of brown algae were also made.
B. Laboratory
The algae collected from the random intertidal quadrats were brought to the
lab and preserved in a buffered 10 percent formalin mixture. This preservation
was necessary since time usually was not available during the sampling period
to work up the fresh samples. Processing of a preserved sample began by
running freshwater over it to remove the formalin. The sample was washed over
a 0.5-mm mesh screen in order to prevent plants and animals larger than this
from washing out of the sample. After washing and draining, the sample was
then sorted Qy species and all invertebrates were removed, preserved, and
stored in appropriate~marked vials. A drained wet weight was recorded for
each algal species. Each species from a sample was then put in an
appropriate~marked aluminum container, placed in a drying oven, and dried for
a time adequate to remove all water from its tissues. This time varied from
species to species depending upon thallus thickness. Thus, plants were left in
the oven for a time adequate to dry the slowest drying species--a period of 24
to 48 hours. Drying temperature was 15°C to prevent ashing.
-
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Once dried, the species were weighed, wrapped in aluminum foil, and placed
in appropriately marked paper bags with labels containing the study area,
station number, sampling date, species present, and their dry weights. This
was done to provide for accounting and easy retrieval if a sample was ever in
question for any reason. Weighing for both wet and dry weights was done on a
triple beam balance to O.l-g accuracy.
Dry weights were used to provide a standard of uniformity since
intercellular water and water on the surface of an alga could vary widely,
introducing a source of sampling error. Wet weights were taken to determine
average water content for each species. These wet weight data were not used in
analysis because of their variability but often provided a valuable double
check to verif.1 correct labeling of a dried sample.
c. Statistical
The collected data were analyzed in one of two ways: using standard
analysis of variance (ANOVA) tests if the assumptions for analysis of variance
appeared to be met b,y the data, or b,y a non-parametric test for differences
(Kruskal-Wallis test) if the tests for homogenity of variances were highly
significantly among the groups with ANOVA. Data treated b,y ANOVA were the
total biomass (dry weights) of algae from the random intertidal quadrats and
the percentage cover estimates of articulated coralline algae and Phyllospadix
spp. The biomass data were not transformed, but the percentage cover values
were subjected to an arc-sine transformation before analysis. Analysis of
individual species (or species categories) of algae was performed b,y the
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Kruskal-Wallis (K-W) test. The purpose of the statistical tests was to test
the null hypotheses 1 and 2 listed in the Objectives section.
In the data analysis, species categories of algae were created to combine
two or more species into generic "groups" (Table 1) when: 1) one or more
species within a selected genus did not occur commonly enough to merit
analysis, or 2) there was reason to suspect taxonomic confusion. For example,
two species of Iridaea, I. cordata v. splendens and I. flaccida, are
distinguished fairly easily in the field by color, but this characteristic can
be altered when preserved in formalin or frozen. Thus, the two species were
combined in the "Iridaea complex" group. The "Gigartina spp." group contains
five species--G. agardii, G. harveyana, G. volans, G. leptorJvchos, and G.
spinosa -- which were combined because of their relatively rare occurrences.
The percent frequency of occurrence for each of these species is listed in
Appendix 3).
Results
A. Diablo Point Intertidal
1. Biomass of Soft Red Algae
The biomass of soft algae at DPI showed a distinct seasonality during all
sampling periods, with the possible exception of the winter of 1975-76
(Figure 17). The biomass means of the three summer periods ranged from 173.1 g
to 196.4 g per 0.25-m2 , whereas the winter biomass ranged from 37.4 g to
110.2 g per 0.25-m2 • The greatest summer productivity is also reflected
in the ranges of sample dry weights.
--
--
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TABLE 1. Artificial Species Groupings of Soft Green and Red
A19ae, Art i c u1ate d Cor a1li ne A-l'S ae, an 'd Phy 11 0 S 1:' il di x
spp. Found at Random Intertidal O.25-m 2 Quadrats.
oc PP, 19 73 ~ 19 77
\ ,..-'"'
Callophyllis Spp. C. crenulata
C. heanophylla
C. pinnata
C. obtusifolia
RHODOPHYTA (continued)
Callithamnion Spp. C. pikeanum
C. rupicolum
--
Species
Group
CHLOROPHYTA
Ulva Spp.
Cladophora Spp.
RHODOPHYTA
Gelidium Spp.
Farlowia Spp.
Halymenia Spp.
Pikea Spp.
Prionitis Spp.
Rhodymenia Spp.
Species *
U. lobata
U. expansa
U. taeniata
U. lactuca
C. columbiana
C. graminea
G. pusillum
G. robustum
G. arborescens
G. purpurascens
F. compressa
F. conferta
F. mollis
H. californica
H. schizymenioides
P. robusta
P. pinnata
P. californica
P. linearis
P. lyallii
P. andersonii
P. australis
R. californica
R. pacifica
R. lobulifera
Species
Group
Gigartina spp.
Gigartina
Complex
Iridaea complex
Ceramium Spp.
Cryptopleura Spp.
Hymenena Spp.
Articulated
coral1ines
SPERMATOPHYTA
Phyllospadix spp.
*Species
G. agardhii
G. harveyana
G. volans
G. leptorhynchos
G. spinosa
,C'C" .. , '-',
G. corymbifera
G. exasperata
I. cordata V. splendens
I. flaccida
C. eatonianum
C. gardneri
C. pacificum
C. lobulifera
C. corallinara
H. multil6ba
H. cuneifolia
H. smithii
H. setchellii
H. kylinii
Calliarthron spp.
Bossiella spp.
Corallina spp.
P. scouleri
P. torreyi
-
*Inc1usion of a species in a group
does not necessarily imply occur-
rance of that species at all study
areas.
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The greatest summer sample weights were over two to three times greater
than the largest winter sample weight. The grand mean of the biomass of the
DPI stations for all six sampling periods is 124.09 g per 0.25-m2 , the
highest of any study area.
Analysis of variance of the DPI algal biomass Qy sampling periods showed
that the difference between periods was highly significantly (F prob.= 0.0000).
A subsequent multiple range test (Student-Newman-Keuls procedure) confirmed
that the biomass of the surmner periods sorted out cleanly from biomass of the
winter periods (Table 2).
TABLE 2. Student-Newman-Keuls Multiple Range Test of Seasonal Soft Algae
Biomass Values, Diablo Point Intertidal Study Area. DCPP,
1973-1977.
Subset Sampling Periods(s)
Number Mean Gram Dry Weight per 0.25 m
1 Winter 1974-73 Winter 1973-74
(37.42) (44.34)
2 Winter 1975-76
(110.24)
3 Surmner 1976 Surmner 1975 Summer 1977
(173.12) (183.02) (196.42)
-'-
-
-
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2. Species Composition of Soft Red Algae
Of the 59 species of foliose and filamentous algae identified from the
samples taken at DPI, eleven species and/or species groups comprise over 95% of
the biomass of the six sampling periods (Figure 9). Seasonal data will be
presented for only these eleven taxa since the remaining species found at DPI
are relatively rare and quite variable in occurrence. The seasonal frequencies
of occurrence of all sampled algae including these rarer species have been
summarized elsewhere in this report (Appendix 3). The dominant species are
discussed in descending order of their abundance relative to the biomass grand
mean for DPI.
Iridaea complex. Although two species of Iridaea have been combined into
this complex for the sake of standardization of the stuQy area results, most,
if not all, of this complex at DPI was represented Qy I. cordata v. splendens.
The seasonal variation of Iridaea is quite distinct (Figure 10), with summer
periods being the apparent time of greatest standing crop. A Kruskal-Wallis
one-w~ test for differences showed this variation to be significant (Table 3).
This complex formed 38.3% of the biomass grand mean for all sampling periods
(Figure 9).
Prionitis lanceo1ata. The variation through time of P. lanceo1ata is
equally as significant as Iridaea complex (Table 3) but the variation is most
likely due to very low value of the first winter's sampling (Figure 10).
Otherwise, this species seemed fairly stable from winter to summer. Overall,
this alga comprised 15.3% of the biomass (Figure 9).
TABLE 3. Results of Kruskal-Wal)j.. sAnalysis on S~as.Qn~l Abun~a.n.c..es_of Domimant
Macraflora at Diablo Point random Intertidal O.25-m Quadrats. DCPP,
1973-1977. .
Kruska11-Wa11 is
Species Winter 73-74 Winter 74-75 SUl1IIler 75 Winter 75-76 SUllIIIE!r 76 SUlI11lE!r 77 S;qniflcance*
_.,_ ......
Iridaea complex 26.54 19.23 5.34 7.31 69.21 94.66 22.66 26.45 68.33 50.49 93.57 83.38 0.001*
36.92 16.25 38.25 29.38 49.00 48.75
Prionitis 1.49 3.21 15.14 15.94 34.92 20.30 20.13 14.04 21.44 22.67 20.81 10.81 0.000*
lanceolata 13.42 35.58 53.50 40.38 37.17 40.17
Gigartina 3.66 6.36 5.35 7.76 31.43 43.12 20.26 13.01 11.39 16.66 18.68 27.99 0.029*
complex 23.17 30.80 40.25 50.13 34.33 41.04
Erythrophyllum 0.04 0.14 0.50 0.99 18.33 18.83 23.00 24.04 21.93 33.27 5.23 7.44 0.000*
delesserioides 15.96 22.71 46.71 48.33 44.92 40.38
Microcladia 0.00 0.00 0.78 1. 74 7.82 7.28 2.98 3.40 13.88 19.35 7.03 8.09 0.000* I
coulteri 9.50 25.71 50.63 41.13 43.79 48.25 11l0'\
Hymenena spp. 0.00 0.00 0.00 0.00 2.34 4.17 5.17 9.30 13.12 19.49 11.32 24.85 0.002* I
24.50 24.50 37.46 39.67 47.63 45.25
Microcladia 3.20 7.32 0.19 0.40 1.76 3.04 0.10 0.29 15.14 31.68 10.85 21.94 0.000*
borealis 32.92 22.92 40.92 17.04 50.46 54.75
Iridaea 0.27 0.92 6.87 14.27 10.96 24.07 2.51 8.69 0.00 0.00 0.00 0.00 0.023*
lineare 34.29 46.13 41.04 35.54 31.50 31.50
Cryptopleura spp. 4.08 5.85 0.29 0.47 0.54 1.04 1.92 2.84 3.45 6.11 8.26 15.92 0.542
37.54 28.96 32.00 39.88 37.38 43.25
Gigartina 0.49 1.37 0.58 1.84 1.82 5.65 3.41 10.89 0.00 0.00 6.05 20.98 0.614
papillata 36.50 36.38 39.54 39.58 30.50 36.50
Hymenena 0.00 0.00 0.00 0.00 0.00 0.00 4.08 8.20 0.00 0.00 4.44 10.85 0.050*
flabelligera 34.00 34.00 34.00 42.83 34.00 40.17
._.
",.,- -.". ....,..,""".,~ .. -~~ .~-_ ...-..-'
tSeasonal values for species represent: x (grams dry wt./O.25 m'l Sifi:jrdOeviatiOR
. Kruskal Wallis Mean ank
*S1gnif1cance level (p ~ 0.05)
( ( ( ( (
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Gigartina complex. This alga was also unstable through time (Table 3).
With the exception of the last winter period sampled, the Gigartina complex
showed a tendency toward greater biomass during the summer periods
(Figure 10).
Erythrophyllum delesserioides. This alga, found in quantity only at DPI,
also showed a significant variation in abundance through time (Table 3).
Rather than demonstrating a winter/summer dichotomlf, however, it apparently
reached its peak abundance in the middle of the pre-operational surv~ period
(Figure 10). Largely due to its abundance during three seasons, E.
de1esserioides formed 9.3~ of the grand mean of DPI biomass (Figure 9)].
Microcladia coulteri. This alga is an epiphyte and in none of the study
areas was it as abundant as it was in DPI where it represented 4.3~ of the
biomass (Figure 9). Its species grand mean at DPI was nearly three times
higher than the next greatest grand mean for this species (at NDCI). The
probable reason for this is that its preferred '~ost" plants: Iridaea cordata
v. splendens, Prionitis lanceolata, Gigartina exasperata, and G. cOrymbifera,
were the dominant algae at DPI. The seasonal variation of M. coulteri was
significant (Table 3), occurring with greater abundance during the summer
periods (Figure 10).
Hymenena spp. This species group contains members that are often
associated with articulated coralline algae. The amount of articulated
coralline algae at DPI, about twice that of the next most coralline-dominant
area (NDCI), possibly accounts for the greater abundance of this species group
in much the same way Microcladia coulteri owes its existence to its host. Like
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Microcladia borealis. Unlike its generic relative, M. coulteri, this alga
is not an epiphyte but occurs on rocky points and headlands where wave exposure
is high. It occurred in only minute amounts in the other study areas, but at
OPI, it formed 4.2~ of the biomass grand mean (Figure 9). It, too, appears to
be a summer ''bloomer'' (Figure 11), and this variation through time is
significant (Table 3).
Iridaea lineare. This alga is another species associated with exposure to
waves. At OPI, it occurred during the first four sampling periods but did not
appear in the samples of the last two summer periods (Figure 11). Its
variation through time is significant, possibly due to this "disappearance",
(Table 3), but nothing may be guessed about its seasonality; it ~ very well
be cyclical. I. 1ineare formed 4.2% of the biomass grand mean (Figure 9).
Cryptopleura spp. This species group is largely epiphytic, often occurring
on articulated coralline algae. While it composed 2.5% of the biomass grand
mean (Figure 9), its occurrence was quite variable (Figure 11) and
"unpredictable." Its variation through time was not significant (Table 3).
Gigartina papillata. This species, which represented 1.7% of the OPI
biomass (Figure 9), occurred in five of the six sampling periods. However,
there was not a clear-cut winter/summer trend (Figure 11) and a Kruska1-Wa11is
test for differences yielded a non-significant result (Table 3).
Hymenena f1abe11igera. This least abundant species of the dominant algae
biomass at OPI represented 1.1% of the grand mean (Figure 9). It occurred in
only two of the six sampling periods; once in the winter and once in the
-
--
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summer, and its significant variation through time (Table 3) is probably due to
its sporadic occurrence (Figure 11).
3. Articulated Coralline Algae
The seasonal means for percentage cover of articulated cora11ines ranged
from a low of about 41.4 degrees (arc-sine value) in the first winter sampled
to a high of about 61.7 degrees in the summer of 1975 (Figure 12). The grand
mean of coralline cover was 51.5 degrees. With the exception of the first
winter, there were no quadrat sampled at DPI without articulated coralline
algae present in them.
On the basis of percentage cover, articulated cora11ines "prefer" the
exposure of DPI as they were nearly two to three times more abundant here than
at the other three study areas. They were slightly more abundant at DPI during
the summer periods, but this does not appear to be significant. This was
verified by an S-N-K multiple range test which sorted the seasons into two
mixed subsets (Table 4).
TABLE 4.
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Student-Newman-Keuls Multiple Range Test of Seasonal Articulated
Coralline Algal Cover (Arc-Sine Values), Diablo Point Intertidal
Study Area. OCPP, 1973-1977.
Subset
Number
1
Sampling Period(s)
Mean Arc-8ine Value
Winter 73-74 Winter 75-76 Winter 74-75
(41.42) (45.82) (48.61)
Summer 76
(54.44)
Summer 77
(56.74)
2 Winter 75-76 Winter 74-75
(45.82) (48.61)
Summer 76
(54.44)
Summer 77
(56.74)
Summer 75
(61.72)
Since articulated coralline algae occupy space that might otherwise be used
by other algal species, it seems important to know whether their presence
affects the presence of other algae. To test the influence of articulated
cora1lines of soft algae biomass, a linear regression was performed for soft
algal biomass on articulated coralline cover (arc-sine values). The result for
DPI was non-significant (F= 2.093, Significance level = 0.152), indicating that
the coral1ines do not inhibit algae productivity expressed in terms of biomass.
We did not test each soft algal species or species group against coralline
cover. Undoubtedly, some species, such as those epiphytic on corallines, will
be enhanced by coralline presence, while others which require "open space" to
grow lushly, such as Gastroclonium coulteri and Gigartina canaliculata, may be
inhibited.
-
-'
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4. Phyllospadix spp.
There was no Phyllospadix spp. at the DPI stations. These flowering plants
evidently require a different set of environmental factors than those at our
DPI stations.
B. South Diablo Cove Intertidal
1. Biomass of Soft Red Algae
On the basis of biomass, the soft algae at SDCr were the least productive
of the four study areas; the grand mean for all six sampling periods was 52.6 g
per O.25-m2 , fully 26% lower than the next most productive area (NCr).
There appears to be a winter/summer difference in productivity (Figure 13) as
all three summer period biomass means are above the grand mean line and all
three winter periods fall below it. This was confirmed b.r an S-N-K procedure
in that all three winter periods were grouped into the first (lowest)
homogeneous subset (Table 5).
TABLE 5.
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Student-Newman-Keuls Multiple Range Test of Seasonal Soft Algae
Biomass Values, South Diablo Cove Intertidal Study Area.
DCPP, 1974-1977.
Subset
Number
Sampling Period{s)
Mean Gram Dry Weights
1 Winter 1975-76 Winter 1974-75 Winter 1976-77
(17.70) (27.07) (39.74)
2 Winter 1976-77 Summer 1977 Summer 1975
(39.74) (57.84) (65.90)
3 Summer 1976
(102.15)
2. Species Composition of Soft Red Algae
A total of 16 species or species groups of algae composed 95~ of the
biomass at SDCr (Figure 14). Several of these algae are rather rare, each
representing less than one percent of the biomass grand mean. Accordingly,
only the data for the 12 most abundant species (those with an abundance equal
to or greater than 1% of the biomass grand mean) will be reported in detail.
Gastroc10nium cou1teri. Only at SOCI did this alga, an important
invertebrate habitat former, occur as the most abundant species. Overall, it
represented 23~ of the biomass (Figure 14). Although a Kruska1-Wallis test fOr
differences showed it to vary significantly through time (Table 6), a distinct
seasonality is not evident, probably due to the large mean of the last winter's
sampling period (Figure 15).
-
( ( ( ( (
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TABLE 6. Result:
Domin,;'·.
Quadr;;:-:-.
of Kruskal-Wallis Analysis of Seasonal Abundances of
Macraflora at South Diablo Cove Random Intertidal O.25-m 2
DCPP, 1974-1977.
0.22 0.65 3.61 6.43 0.31 1.16 1.13 2.03 0.74 1.28
--ro.Jr. 119.00 69.21 111.81 98.18
003 0.07 0.59 1.19 0.05 0.27 1.85 3.12 1.08 2.25
~.'v..- 107.01 63.35 127.15 127.94
o 09 0.52 1.31 5.67 0.10 0.20 1.68 3.57 0.66 1.28
~.-16 -- 81.53 93.48 138.15 128.82
007 0.15 0.16 0.64 0.04 0.12 0.18 0.51 0.06 0.25
~:1(,-- 107.01 63.35 127.15 121 .94
1 23 2.79 0.23 0.68 0.22 1.20 0.54 2.64 0.22 0.89
~. trr- 100.17 90.26 100.46 95.29
o 09 0.40 0.49 1.23 0.01 0.03 2.31 4.92 0.06 0.26
~."'-- 111.31 81.45 146.25 89.36
0.29 _1.59 9.34 24.76
--,g.-"r::,-- 119. 21 .
1.52 2.56 4.49 8.81
~.1jr-- 97.42
0.44 1.06 5.00 12.18
~.~.---- 119.96
0.00 0.00 17.77 53.30
92.50 124.90
0.86 2.45 13.87 22.92
69.52 138.57
0.04 0.15 5.49 9.77
73.66 127.74
Species
Gastroclonium
coulteri
Iridaea
co~lex
prionitis
lanceolata
Rhodomela larix
Gigartina
canaliculata
Gigartina
papillata
Hiccocladia
coulteci
Ulva Spp.
RhodoglosSUIn
roseum
Neoagacdhiella
baileyi
Prionitis
lyallii
Iridaea
heterocarpa
Wint~ 74-75
9.53 J5.69
.J<» .-og-
1. 75 3.45
~;'l'._--
10.96 15.16
--rfJf.,t''--
SUllII1E!r 75
22.05 29.67
125.19
2.44 4.40
89.50
12.17 14.78
115.39
Winter 75-76
6.00 10.07
87.27
0.14 0.39
59.58
10.20 14.81
116.68
Sunmer 76
14.44 22.06
112.39
30.86 43.53
139.57
6.70 8.63
94.43
Winter 76-77
17.06 22.22
119.17
4.09 7.21
100.85
6.09 8.10
95.40
1.57 5.61
104.03
4.59 6.92
130.56
1.29 2.81
124.49
SUlIIIler 77
6.00 13.07
85.29
17 .09 24.80
140.83
7.21 12.68
97.51
0.10 0.58
95.35
2.59 6.92
99.10
0.49 2.12
83.86
3.55 4.63
162.44
5.44 11.34
134.25
1.30 1.83
129.74
4.40 11.80
134.25
1. 70 2.91
130.86
1.01 2.46
119.28
Krusk all-Wa11 i s
Significance*
0.021*
0.000*
0.276
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
I
'"LV
I
tSeasona1 va lues for species represent: i (gralns dry wtJO .25 mZ ) Standard Deviat ion
Kruskal Wallis Mean Rank
*Significance level (p ~ O.O~)
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Iridaea complex. This species group composed 18.9% of the biomass grand
mean (Figure 14). Despite a low value in the first summer's period Figure 15),
it tested as significantly different through time (Table 6). Its period of
greatest productivity was during the summers.
Prionitis 1anceo1ata. This species showed no significant variation through
time (Table 6). It was most abundant during the first three sampling periods
after which it appeared to decline slightly (Figure 15). It formed 17.3% of
the biomass (Figure 14).
Rhodome1a larix. This species appeared only in the samples from SDCI where
it formed 9.9~ of the biomass (Figure 14). Its variation through the sampling
periods was significant (Table 6), probably due largely to the relatively high
values of the first two summer periods. However, it was patchy in occurrence,
and not encountered at all during one period (Figure 15).
Gigartina cana1icu1ata. This species formed 8.7~ of the biomass grand mean
at SDCI (Figure 14). Although its variation through time was significant
(Table 6), it was not consistently more abundant during the summers than during
the winters (Figure 15).
Gigartina papi11ata. This species' variation in abundance was also
significant (Table 6), and, with the exception of the final sampling period,
was most abundant during the summer months (Figure 15). It represented 3.9~ of
the biomass (Figure 14).
--
-
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Microcladia coulteri. This epiphytic species formed 2.9% of the grand mean
(Figure 14). Its seasonal variability was significant (Table 6) probably due
to its clear-cut relative abundance during two of the three summer sampling
periods (Figure 16).
Ulva spp. The one green alga to occur as a "dominant" form, this species
group was found only in abundance at SOCI where it formed 2.7% of the biomass
grand mean (Figure 14). It also appeared to be on the increase; each winter's
period mean was higher than the previous winter period, as was each summer's
period mean higher than the preceding summer (Figure 16). This variation
through time was significant (Table 6).
Rhodoglossum roseum. This species accounted for only 1.5% of the total
biomass (Figure 14) and was apparently a summer bloomer (Figure 16). The
Kruskal-Wallis test for differences yielded a significant value for its biomass
through time (Table 5).
Neoagardhiella baileyi. Present in small amounts throughout ITK>st of the
stuQy period, this species increased in abundance during the last summer
sampling period (Figure 16). Probably due to this increase, its variation
through time tested to be significant (Table 6). Also due to this summer
periods's abundance, this species composed 1.5% of the total biomass
(Figure 14).
Prionitis lyallii. This species occurred in any abundance only at SDCI and
even here it occurred sporadically, without an obvious seasonal trend (Figure
16) though its variation through time was significant (Table 6). It comprised
1.2% of the biomass grand mean (Figure 14).
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Iridaea heterocarpa. Although this species occurred in only small amounts
(1.1% of the biomass) (Figure 14), it demonstrated a significant difference
between the winter and summer sampling periods (Table 6 and Figure 16).
3. Articulated Coralline Algae
The grand mean cover of articulated coralline algae at SDCI was the lowest
of the four study areas: 15.4 degrees. The seasonal values of articulated
cora11ines were significantly different (ANOVA, F = 0.0004) but they did not
demonstrate a distinct seasonality of abundance (Figure 17). This apparent
lack of seasonality was substantiated qy an S-N-K test which sorted the cover
values for the different periods into three mixed subsets (Table 7).
TABLE 7. Student-Newman-Keu1s Multiple Range Test of Seasonal Articulated
Coralline Algal Cover (Arc-Sine Values), South Diablo Cove
Intertidal Study Area. DCPP, 1974-1977.
Subset Sampling Period(s)
Number Mean Arc-Sine Value
1 Summer 76 Summer 75 Winter 75-76 Winter l4-75(11.65) (12.41) (14.02) (14.4 )
2 Summer 75 Winter 75-76 Winter 74-75 Winter 76-77
(12.41) (14.02) (14.44) (18.61)
-
3 Winter 76-77 Summer 77
(18. 61) (21.57)
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A linear regression of soft red algal biomass on articulated coralline
cover percentages (arc-sine values) showed that the slope (b = +0.397) was not
significant~ different from zero (F = 1.162, significance level = 0.282),
indicating no effect on soft algae biomass abundance by articulated
corallines.
4. Phyllospadix spp.
Surfgrass, which appeared· stable during the first four sampling periods at
SOCI, seemed to decline somewhat during the final two periods (Figure 18).
This decline was not measurable by an S-N-K test as all periods sorted into one
subset (Table 8). However, ANOVA showed the variation between periods to be
significant (F = 0.023). The grand mean of Phyllospadix cover, over the six
sampling periods, was 25.03 degrees.
TABLE 8. Student-Newman-Keuls Multiple Range Test of Seasonal Phyllospadix
spp. Cover (Arc-Sine Values), South Diablo Cove Intertidal Study·
Area. DCPP, 1974-1977.
Subset
Number
Sampling Period(s)
Mean Arc-Sine Value
-
1 Winter 76-77 Summer 77 Summer 76 Winter 75-76 Winter 74-75 Summer 75
(17.39) (20.06) (25.87) (26.85) (29.71) (29.79)
A linear regression of soft red algal biomass on Phyllospadix cover
(arc-sine values) demonstrated a significant relationship (F = 40.221,
significance level = 0.0000). The slope of this regression was negative (b =
-1.233) which indicated an inverse relationship between Phyllospadix and soft
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algae biomass (Figure 19). The substantiates our general field observations:
that is, the more Phyllospadix in a quadrat, the less abundant were the soft
algae.
C. North Diablo Cove Intertidal
1. Biomass of Soft Red Algae
North Diablo Cove was the second most productive study area, in terms of
algal biomass, with a dry-weight grand mean of 74.28 g per 0.25-m2•
Seasonal biomass means ranged from a low of 35 g per 0.25-m2 in the first
~inter to a high of 112 g per 0.25-m2 in the last summer's sampling period
(Figure 20). The means of the winter period appeared to increase through time,
but these periods were marked b,y sample ranges that never exceeded 116 g per
0.25-m2• The summer periods, whose biomass means also appeared to increase
with time, were contrasted by very high quadrat ranges--as high as 380.0 g per
0.25-m2• The seasonality of algal productivity is distinct~ different
(ANOVA, F = 0.0000). The S-N-K procedure sorted the periods into three
subsets, with a clear distinction bet~een winter and summer periods (Table 9).
-
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TABLE 9. Student-Newman-Keuls Multiple Range Test of Seasonal Soft Algae
Biomass Values, South Diablo Cove Intertidal Study Area.
DCPP, 1974-1977.
Subset
Number
Sampling Period(s)
Mean Grams Dry Weight
-
1 Winter 74-75 Winter 75-76 Winter 76- 77(34.19) (40.93) (60.31)
2 Winter 76-77 Summer 75(60.31) (85.07)
3 Summer 75 Summer 76 Summer 77(85.07) (105.77) (112.00)
2. Species Composition of Soft Red Algae
Of the 102 species of algae identified from the samples taken at NDCI, 10
species and six species groups (composed of 12 species) represented 95% of the
biomass grand mean (Figure 21). Again, only the results for those algal
species with a grand mean of ~ 1% of the biomass grand mean will be presented.
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Iridaea complex. As it was in two of the other three study areas, Iridaea
complex (I. cordata v. splendens and I. flaccida) was the dominant alga in
NDCI. Here, it represented 94.6% of the biomass grand mean (Figure 21.). Its
seasonality, with summer peaks of abundance, is quite evident (Figure 22), and
its variation through time tested as significant (Table 10).
Gastroclonium coulteri. This important habitat former (for small worms,
molluscs, and arthropods) was second in abundance at NDCI, forming 14.3% of the
biomass (Figure 21). Although its variability through time tested as
significant (Table 10), it did not show a definite winter/summer trend
(Figure 22).
Gigartina canaliculata. This alga, which can form a dense turf much like
Gastroclonium, is also an important habitat for small invertebrates. At NDCI,
it composed 11.3% of the biomass (Figure 21). Except for a lower mean during
the first winter sampled, G. canaliculata appeared to be stable through time at
NDCI (Figure 22), and a Kruskal-Wallis test for differences showed variation to
be non-significant (Table 10).
Prionitis lanceolata. This alga, seeming to do well in all four study
areas, formed 10.4% of the biomass at NDCI (Figure 21). Although a
Kruskal-Wallis test showed it to vary significantly through time (Table 10), it
did not demonstrate a definite seasonality (Figure 22).
Gigartina complex. This species complex formed 7.1% of the biomass grand
mean (Figure 21). Its variation through time was statistically significant
(Table 10), probably attributable to increased productivity during the last two
summer periods (Figure 23).
( ( ( ( (
Table 10. Results + of Kruskel-Wallis Analysis on Seasonal Abundan2e of DominanMacroflora at North Diablo Cove Random Intertidal 0.25-m Quadrats. DCPP,1974-1977.
Kruska11-Wa11 is
Species Winter 74-75 Sumner 75 Winter 75-76 Sumner 76 ~Jinter 76-77 Sumner 77 Significance*
Iridaea 10.07 18.03 44.38 71.53 11.94 18.53 47.29 70.14 11.22 16.92 34.90 38.61 0.024*
complex 82.09 - 1U9.69 96.99 120.12 94.86 126.08
Gastroclonium 6.97 0.36 12.21 20.33 6.32 8.26 7.40 17 .17 18.67 24.33 12.69 22.18 0.022*
coulteri 98.27 105.64 108.93 79.94 127.97 111. 64
Gigartina 5.21 7.00 10.56 15.14 9.33 10.34 9.23 18.42 11.41 13.31 8.24 17.44 0.134
canaliculata 98.08 105.64 119.25 90.69 123.26 96.01
Prionitis 7.07 16.46 4.41 10.22 3.67 6.64 6.11 7.06 7.21 10.32 13.31 14.87 0.000*
lanceolata 94.09 80.72 88.01 116. 18 112.22 139.53
Gigartina 0.16 0.54 0.52 1.55 2.88 8.20 9.11 22.53 2.54 6.01 10.73 20.33 0.001*
complex 81.22 84.38 104.24 117.97 116.72 125.71 I
-....I
Cryptopleura 0.89 2.09 3.13 4.82 2.31 3.74 2.65 4.70 3.29 5.83 3.34 5.98 0.011* ~
81. 75 120.75 111. 96 85.33 122.86 108.07
I
Microcladia 0.26 0.67 1.04 2.27 0.24 0.52 3.57 4.94 0.91 2.14 4.75 10.09 0.000*
coulteri 64.77 93.03 69.32 141.65 106.93 150.70
HlJmenena spp. 0.19 0.43 0.57 2.19 0.19 0.55 5.95 10.73 0.54 1.40 3.20 10.80 0.000*
95.02 94.44 88.46 142.54 110.99 99.44
Botryoglossum 0.02 0.10 1. 14 4.92 0.11 0.65 0.40 1.41 0.08 0.24 4.25 13.25 0.044*farlowianum 100.03 103.31 97. 15 103.00 107.57 120.87
Rhodoglossum 0.08 0.25 0.03 0.11 0.60 1.04 2.77 3.69 0.86 1.78 1.07 1.84 0.000*
roseum 62.54 81.53 93.48 138.15 128.82 129.74
Gigartina 1.50 3.80 1. 53 4.67 1.32 5.00 0.08 0.29 0.37 1. 78 0.65 2.57 0.575
papillata 113.16 106.28 111.15 92.58 103.94 107.06
Neoagardhiella 0.08 0.25 0.30 1.08 0.14 0.38 1.99 7.05 0.50 1.50 1.68 5.01 0.024*
baileyi 107.53 95.31 87.52 105.74 93.26 144.08
HlJmenena 0.00 0.00 0.07 0.42 0.65 1.23 0.00 0.00 0.56 0.29 4.63 14.89 0.000*flabelligera 95.50 101.14 101.18 95.50 101.13 137.21
tSeasonal values for species represent: x (gr&AS dry wt./0.25 mZl Standard Deviation
Kruskal Wallis Mean Rank
*Significance level (p ~ 0.05)
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Cryptopleura spp. This species group represented 3.4~ of the biomass grand
mean (Figure 21). Although its biomass variability tested as significant
(Table 10) through time, it actually appears stable in all periods except the
first winter (Figure 23).
Microcladia coulteri. This epiphyte, seventh in abundance at NDeI
(Figure 21), occupies the same relative position as it did in SOC!. At NOCI,
it represented 2.3% of the biomass and, as it did in both DPI and SOCI, it
occurred with a significant seasonality (Table 10). Its period of peak
abundance was during the summer months (Figure 23).
Hymenena spp. This species group, which occurs largely in the lower
intertidal, also represented 2.3% of the biomass grand mean (Figure 21). It,
too, showed a fairly clear peak in abundance during the summer periods
(Figure 23), which was significant (Table 10).
Botryoglossum far1owianum. This alga, growing in the same intertidal
region as Hymenena flabelligera and often difficult to distinguish from it,
formed 1.5% of the biomass (Figure 21). It was significantly a summer bloomer
at NOCl (Figure 24, Table 10).
Rhodog1ossum roseum. Although not very abundant (1.1% of the biomass)
(Figure 21), this alga appeared to reach its peak abundance during summer 1975
(Figure 24). Its variation through time was significant (Table 10).
Gigartina Eapillata. This alga also formed 1.1% of the biomass
(Figure 21), but its variation during the study period was not significant
(Table 10).
-
--
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Neoagardhiella baileyi. This species formed just 1.0% of the biomass
(Figure 21), and, as in SOCI, seemed to increase in abundance with time
(Figure 24). It variation through time was significant (Table 10).
Hymenena flabelligera. Also representing 1% of the biomass grand mean
(Figure 21), this alga was missing from the samples during two periods
(Figure 24). Because of the these "zeroes" and because of a much higher mean
value during the final summer period, the variation through time of H.
flabelligera was significant (Table 10).
3. Articulated Coralline Algae
The grand mean of the estimate of cover of articulated corallines (arc-sine
values) in NDCI was 29.7 degrees, the second highest value among the four study
areas. Its seasonal mean values ranged from a low of 19.28 degrees during
summer 2975, to a high of 37.04 degrees during winter 1976-77 (Figure 25). An
ANOVA showed the difference through time to be highly significant (F = 0.0000).
However, as in SDCI, the corallines did not appear to be predictably seasonal
in abundance, and an S-N-K procedure sorted out the various sampling periods
into three mixed subsets (Table 11).
A regression of soft algae biomass on articulated coralline cover showed,
as it did at study areas DPI and SDCI, there was no significant relationship
between the two (F = 0.069, significance level = 0.79). The slope of the line
was close to zero (b = +0.070).
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TABLE 11. Student-Newman-Keuls Multiple Range Test of Seasonal Articulated
Coralline Algae Cover (Arc-Sine Values), North Diablo Cove
Intertidal Study Area. DCPP, 1974-1977.
Subset Sampling Period(s)
Number Mean Arc-Sine Value
1
2
3
Summer 75
(19.29)
Winter 74-75
(26.27)
Summer 76
Winter 74-75
(26.27)
Winter 75-76
(27.22)
Summer 77
Winter 75-76
(27.22)
Summer 76
Winter 76-77(37.04) --
4. Phyllospadix spp.
Of the three study areas where Phyllospadix spp. occurred (there was none
at DPI), NDCI had the lowest grand mean: 20.2 degrees. The lowest mean was
12.63 degrees, during the second winter period, and the highest was 25.71
degrees, during the first summer period (Figure 26). That it did not appear to
possess an obvious seasonality was reflected b,y an S-N-K test which sorted out
the periods into two subsets containing both winter and summer periods
(Table 12).
-
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TABLE 12. Student-Newman-Keuls Multiple Range Test of Seasonal Phyllospadix
spp. Cover (Arc-Sine Values), North Diablo Cove Intertidal Study
Area. DCPP, 1974-1977.
Subset Sampling Period(s)
Number Mean Arc-Sine Value
1 Winter 75-76 Winter 76-77
(12.63) (13.45)
Summer 76
(22.63)
Summer 77 Winter 74-75
(22.96) (23.37)
2 Summer 76
(22.63)
Summer 77
(22.96)
Winter 74-75
(23.37)
Summer 75
(25.71)
As demonstrated Qy regression analysis in SDCI, Phyllospadix spp. in NDCI
also had an inverse relationship to algal biomass (b = -1.092). This
relationship was significant (F = 20.180, significance level = 0.000;
Figure 27).
D. North Control Intertidal
1. Biomass of Soft Red Algae
The grand mean of soft algae biomass at NCI was the third highest of the
four study areas--71.65 g per 0.25 m2 ; just 2.63 g less than the grand mean
for NDCI. The seasonality of algal productivity was quite clear-cut and
regular (Figure 28); the means for the winter periods ranged from 23.07 g to
32.97 g per 0.25 m2 , while the summer means ranged from 107.79 to 118.37 g.
The winter and summer periods sorted quite distinctly into two homogeneous
subsets (Table 13).
TABLE 13.
Subset
Number
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Student-Newman-Keu1s Multiple Range Test of Seasonal Soft Algae
Biomass Values, North Control Intertidal Study Area. DCPP,
1974-1977.
Sampling Period(s)~
Mean Grams Dry Weight
1
2
Winter 75-76
(23.07)
Summer 75
Winter 74-75
(31. 80)
Summer 76
Winter 76-77
(32.97)
Summer 77
(118.37)
2. Species Composition of Soft Red Algae
While the grand mean of the algal biomass was quite near that of NDCI,
there were substantially fewer species or species groups making 95% of that
biomass at NCT. A total of five species and four species groups comprised that
95% (Figure 29).
Iridaea complex. As it was in DPI and NDCI, Iridaea was the most abundant
alga at NCI. Nowhere, however, did it form. as much of the total biomass than
at NCI (Figure 29); here it represented 71.2%. Its summer peaks in
productivity were also quite evident (Figure 30). The difference in abundance
between the winter and summer sampling periods was significant (Table 14).
Iridaea accounted for nearly all of the increase in soft algae biomass from
winter to summer.
-
-77-
Gastroclonium coulteri. This species represented 5.9% of the biomass grand
mean at NCI (Figure 29). Although it was always more abundant during summers
than during winters (Figure 30), the difference between the seasonal means did
not test as significant (Table 14).
Prionitis lanceolata. This species, among the four most abundant species
at all four study areas, formed 5.0% of the biomass at NCI (Figure 29). Its
seasonal presence at this study area was fairly regular (Figure 30) and did not
test to be significantly different through time (Table 14).
Gigartina canaliculata. This alga comprised approximately 4% of the NCr
biomass grand mean (Figure 29). Its seasonal variation was significant
(Table 14) probably due to peaks of abundance in the summer of 1975 and 1976
- (Figure 30).
Gigartina complex. This species complex accounted for 3.0% of the NCI
biomass grand mean (Figure 29). Although its temporal variability tested as
significant (Table 14), it did not show a definite seasonality (Figure 30).
Gigartina papillata. This alga represented 1.6% of the total biomass,
ranking sixth in abundance at the NCI stations (Figure 29). Generally, it
appeared to be slightly more abundant in summers than in winters (Figure 30),
and its seasonal variation was significant (Table 14).
-'
Cryptopleura spp. This species group formed just 1.5% of the biomass grand
mean at NCr (Figure 29). Despite its relative paucity in the samples, it
demonstrated a definite summer peak in abundance (Figure 31) that was
significant (Table 14).
TABLE 14. Results + Kruskal-WaTlis Analysis on s2asonal Abundances of Dominant Macraflora at
North Control Random Intertidal O.25-m Quadrats. DCPP, 1974-1977.
---------_.
Kr uskal-Wallis
Species Winter 74-75 Surrrner 75 Winter 75-76 SUfl111er 76 Winter 76-77 SUfl111er 77 Si 9nif i cance*
-
Iridaea 19.64 20.80 85.58 87.61 8.37 10.85 87.41 85.90 19.61 29.86 82.86 98.79 0.000*
complex 102.01 137.71 72.06 145.82 92.32 135.92
Gastroclonium 3.01 6.44 5.06 10.18 0.42 1.63 8.08 16.06 3.73 9.00 4.91 15.00 0.061
coulteri 113.15 128.22 94.14 122.82 124.01 106.84
Prionitis 4.31 6.28 3.13 7.96 4.06 9.26 2.17 5.67 2.79 7.58 4.91 8.82 0.089
lanceolata 136.08 102.00 112.07 101.55 107.06 123.40
Gigartina 1. 36 2.40 4.30 7.48 2.01 5.00 5.85 15.53 2.17 5.80 2.20 7.03 0.026*
canalicul.,ta 109.47 124.56 89.96 131.05 128.10 105.72
Gigartina 0.45 1.26 2.14 9.34 3.72 11 .75 1.10 2.92 0.98 2.90 4.25 13.11 0.012* I
complex 112.15 98.39 106.94 115.66 111.65 140.07 -...J00
I
Gigartina 1.08 4.20 2.26 4.81 0.72 2.30 0.97 1. 95 0.71 1. 14 1.25 2.67 0.026*
papi llata 110.07 130.18 87.01 121.84 127.32 112.99
Cryptopleura spp.p.46 0.86 1.67 4.38 0.48 0.14 1.09 2.15 0.79 1.68 2.43 5.00 0.001*
125.49 125.85 74.71 127.22 120.28 116.26
Hymenena spp. 0.20 0.70 0.07 0.21 0.27 0.91 0.38 1.66 0.14 0.36 4.27 9.33 0.000*
107.00 97.18 96.84 115.59 111.03 156.54
Botryoglossum 0.10 0.42 0.66 3.58 1. 23 3.44 0.16 0.79 0.22 0.73 2.54 9.03 0.019*
farlowianum 112.25 104.38 134.60 103.00 113.22 118.19
tSeasonal values for species represent: i (9r~ dry wt.~.25 m2 ) Standard Deviation
*Significance level (p ~ 0.05) Kruskal-Wal1is Mean Rank
( ( ( ( <-
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Hymenena spp. occupying approximately the same intertidal position as
Cryptopleura spp., this species group represented 1.3% of the biomass grand mean
(Figure 29). Its abundance, quite small and regular' during the first five
seasons, peaked during summer, 1977 (Figure 31). Probably due to this peak, its
seasonality tested as significant.
Botryoglossum farlowianum. The final species among the dominant algal
species composing 95% of the biomass, Botryoglossum formed 1.2% of the NCI grand
mean (Figure 29). Its variation through time was significant (Table 14), but
its seasonal abundance was irregular (Figure 31).
3. Articulated Coralline Algae
The grand mean for percentage cover by articulated corallines in the
O.25-m2 quadrats was 19.7 degrees the third lowest value among the four
stuQy areas. Its seasonal mean values ranged from 14.1 degrees during the first
summer period, to 24.5 degrees during the second summer period (Figure 32).
Articulated corallines did not demonstrate any particular seasonality in their
percentage cover estimates, making NCI similar to the other study areas where
there was no identifiable seasonal trends. An S-N-K multiple range test sorted
~ the various sampling periods into two subsets containing both winter and summer
values (Table 15).
TABLE 15.
Subset
Number
-80-
Student-Newman-Keuls, Multiple Range Test of Seasonal Articulated
Coralline Algal Cover (Arc-Sine Values), North Control Intertidal
Study Area. DCPP, 1974-1977.
Sampling Periods
Mean Arc-Sine Value
1 Summer 75
(14.13)
Winter 75-76
(15.85)
Summer 77
(20.81)
Winter 76-77
(21.23 ) Winter 74-75(21.24)
2 Winter 75-76
(15.85)
Summer 77
(20.81)
Winter 76-77 Winter 74-75
(21.23) (21.24)
Summer 76(24.48j
Unlike the other study areas, however, there was a possible relationship
between soft algal biomass and coralline cover at NCr (Figure 33). A linear
regression of biomass (grams dry weight) on articulated coralline cover
(arc-sine values) indicated a significant and positive (b = +1.212) influence
by the calcareous algae (F =10.383, sig. level = 0.001). This seems to imply
that the greater the cover of articulated corallines is, the greater the amount
of soft algal biomass will be.
4. Phyllospadix spp.
The grand mean of the estimated cover of Phyllospadix, 28.7 degrees, was
the highest of the three study areas where these surfgrass species occurred.
The seasonal means ranged from 26.2 degrees to 33.3 degrees (Figure 34). As in
the other two study area, there was no obvious seasonal trend of Phyllospadix
cover at NCI. All sampling periods sorted into one subset Qy the S-N-K
procedure (Table 16).
-
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TABLE 16.
Subset
Number
Student-Newman-Keu1s Multiple Range Test of Seasonal Phyllospadix
spp. Cover (Arc-Sine Values), North Control Intertidal Study Area.
DCPP, 1974-1977.
Sampling Period(s)
Mean Arc-Sine Value
1 Winter 76-77
(26.17)
Summer 75
(26.24)
Summer 77 Winter 74-75
(26.58) (28.25)
Winter 75-76 Summer 76
(30.86) (33.34)
Similar to SOCl and NDCl where Phy110spadix also occurred, there was a
significant relationship between surfgrass abundance and biomass (Figure 35).
A linear regression of biomass on Phyllospadix yielded a negative slope (b =
-2.048) that was statistically significant (F = 90.72, significance level =
0.000). This ~ indicate that surfgrass has an inhibitory influence on soft
algal biomass.
Discussion
A. Biomass of Soft Red Algae
- Our studies have illustrated at least two features of the soft algae
biomass in intertidal communities in the Diablo Canyon area. For one, they are
more productive in summers than in winters. For another, different areas are
differentially productive. An analysis of variance of biomass by study areas
and by sampling periods has shown these biomass differences to be significant
(F = 0.001).
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To determine how the study areas contribute to this difference, a step-wise
one-wS1 ANOVA of total biomass was performed for the various combinations of
study a~eas. This analysis showed that DPl was significantly different
(greater biomass) than the other three study areas, and that NDCl was
significantly different (greater biomass) than SOCI. But SOCI was not
significantly different from NCI (T probe = 0.058), neither was NOCl
significantly different from NCl (T p~ob. 0.209). A multiple range test using
the Student-Newnan-Keuls procedure resulted in the same finding (Table 17).
-
'-'
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TABLE 17. Student-Newman-Keu1s Multiple Range Test Comparing Algal Biomass
Values From the Four Intertidal Study Areas for all Sampling
Periods.
DCPP, 1974-1977.
Subset
Number
Study Area(s)
Gram Dry Weight Grand Mean
1
2
3
South Diablo Cove Intertidal
(52.38)
North Control Intertidal(71.65)
Diablo Point Intertidal
(124.10)
North Control Intertidal(71.66)
North Diablo Cove Intertidal
(73.93)
In view of the variability of the biomass data between study areas, then,
it is necessary to ask whether these data will be useful in a future comparison
to algal biomass after the power plant begins operation. That is, can each of
the study areas be characterized significantly to be considered "predicable" in
their various levels of algal biomass? The answer seems to be "yes"; each
area's biomass seems to vary seasonally in a predictable manner around its
grand mean in that the summer periods sort out from the winter periods in
homogeneous subsets (Tables 2, 5, 9 and 13). Therefore, if the null qypothesis
is to be upheld, we would expect that each of the study areas ("impact" as well
as "control") will continue to support an algal standing crop at its own
variable yet predictable, level after the discharge of heated water begins.
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B. Species Composition of Soft Red Algae
Our studies have shown that relatively few species compose the maJor
portion of algal biomass in each of the four study areas (Figure 36). With the
exception of DPI, the same four species represent at least 70~ of the total
biomass at the study areas: Iridaea complex, Prionitis lanceolata,
Gastroclonium coulteri, and Gigartina canaliculata. Of these, the Iridaea
complex, is the greatest contributor to biomass; alone, it accounts for most of
the increased summer productivity.
The dominant species, as we have termed those which when lumped together to
comprise 95~ of the biomass, also occur with differing relative abundances at
each of the study areas. Kruskal-Wallis tests of these species, comparing
their means between the stu~ areas during each sampling period, have shown
significant differences in nearly all cases. Therefore, making a
species-by-species comparison of the stu~ areas would be a tedious and
confusing exercise. With the statistical methods we have used thus far, there
is no clear and easy-to-understand way of analyzing and comparing species
composition within and between study areas. However, a relatively new
application to ecological data of a multivariate method known as "Canonical
Analysis of Discriminance" seems to hold promise for easier understanding and
depiction of community structure (Pimental 1978). Using either
presence-absence or abundance data of the most common species, a community (or
study area) may be represented by a "group centroid"--a location in two- Or
three-dimensional space. Change through time in group centroids--either alone
or 1n relation to one another--can be investigated to determine between- and
within-group differences.
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C. Articulated Coralline Algae
This group of calcareous algae, composed of three genera, occurred at all
four study areas. As with the soft algae, different study areas support
differing amounts of coralline algae. An analysis of variance of the
percentage cover estimates (in arc-sine form) Qy study areas and sampling
-...'
periods combined, has shown these differences to be significant (p<O.OOO). To
determine how the study areas compare, both a step-wise one-way analysis of
variance of study area I8irs and a Student-Newman-Keuls (S-N-K) test confirmed
this difference, placing each study area in its own homogeneous subset
(Table 18).
Perhaps the factor most greatly affecting the abundance of articulated
coralline algae is wave exposure. The study area which probably experiences
the greatest average wave energy, Diablo Point, supports the greatest cover of
the corallines. Conversely, the area which seems to receive the least amount
of wave energy throughout the year, South Diablo Cove, supports the smallest
amount of the calcareous algae. North Control, described as being physically
intermediate between South and North Coves, supports an intermediate cover of
coralline algae.
-
TABLE 18.
Subset
Number
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Student-Newman-Keu1s Multiple Range Test Comparing Articulated
Coralline Algal Cover (Arc-Sine Values) From the Four Intertidal
Study Areas for All Sampling Periods. DCPP, 1974-1977.
Study Area
Grand Mean Arc-Sine Degrees of Cover
1 South Diablo Cove ''''''-
(15.48 )
2 North Control
(19.67)
3 North Diablo Cove
(29.74)
4 Diablo Point
(51.47)
The levels of articulated coralline cover in each of the study areas seem
to be quite stable (Tables 4, 7, 11, and 15), and should serve as good
indicators should any significant change occur after power plant operation
begins.
D. Phy110spadix spp.
The two species of surfgrass, P. scou1eri and P. torreyi, are the only
flowering marine plants to grow on the open coast in California. Both species
occur here, but !. scou1eri is the dominant form in the three study areas where
surfgrass is found. It was not encountered at any of the three Diablo Point
stations during this pre-operational study.
-
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Where it occurs, North Diablo Cove, South Diablo Cove, and North Control,
it covers an average of 26.6% to 32.4% (20.2 degrees to 28.7 degrees, arc-sine
values) of the sampled substrate in the study areas. A one-way analysis of
variance shows that the abundance of surfgrass from area to area is
significantly different (p ~ 0.000). To determine where these differences
exist, a step-wise ANOVA of the various pairs of study areas and a
Student-Newman-Keuls multiple range test were performed. The ANOVA revealed
that there are significant differences at the 95% level between all populations
of Phyllospadix from the four study areas. The S-N-K test confirmed this,
placing each study area in its own subset (Table 19).
TABLE 19. Student-Newman-Keuls Multiple Range Test Comparing Phyl10spadix
spp. Cover (Arc-Sine Values) From the Four Intertidal Study
Areas. for All Sampling Periods. DCPP,1974-l977.
Subset
Number
Study Area
Grand Mean Arc-Sine Degrees of Cover
'-
1 Diablo Point
(0.0)
2 North Diablo Cove
(20.20)
3 South Diablo Cove
(25.03)
4 North Control
(28.66)
In both SOCI and NCI, the populations of surfgrass appear very stable as
S-N-K tests for each study area by sampling period placed all periods within
one subset (Tables 8 and 16). At NDCI, Phyllospadix was slightly less stable.
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Invertebrates
Quadrat Surveys
A. Methods
1. Field
The study areas and stations are the same as for the algal study. See the
Macroflora Methods section for a review of the procedure for laying out the
stations and locating quadrat positions.
With the time available during a minus tide to sample four quadrats at each
station, we limited sampling to only exposed surfaces. Therefore, cryptic
organisms i.e., under-rock dwelling forms, were eliminated from our study
design.
Within each quadrat, counts of all macro-invertebrates (generally ~ 10 rom)
were made and estimates of abundance (scarce, common, or abundant) were made
for colonial organisms such as sponges or tunicates.
Carapace widths for the crabs Pugettia producta and Pugettia
richii/gracilis, shell length for the volcano limpet, Fissurella volcano,
ar~tip to ar~tip widths for the sea stars Henricia leviuscula and
Leptasterias spp., and test widths for the purple sea urchin,
Strongylocentrotus purpuratus, were measured in situ.
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Animals difficult to identif,r in the field were brought back to the
laboratory.
2. Laboratory
Any animal brought back to the laboratory was identified to the lowest
taxen possible. Any macro-invertebrates found in the collected algae biomass
samples were counted and added to the invertebrate counts, while smaller
animals were preserved in alcohol and labeled with the date, station, study,
and quadrat number. This collection of smaller invertebrates has been given to
Dustin Chivers at California Acade~ of Sciences in San Francisco.
3. Statistical
The collected data were analyzed with the non-parametric Kruskal-Wallis
(K-W) test for differences because prior testing using Analysis of Variance
(ANOVA) for the homogeneity of variances showed that the data did not meet the
assumptions for parametric testing. The Kruskal-Wallis test was used to
analyze individual species (or species categories) of invertebrates. The
purpose of the statistical analyses was to test the null hypotheses 1 and 2
- listed in the Objectives section.
Histograms are used to depict size frequencies for those animals measured
in the field.
In the data analysis, species categories were created when there might be
taxonomic confusion. The decorator crabs, Pugettia richii and Pugettia
gracilis, are difficult to distinguish in the field so the species complex
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"Pugettia richii/gracil1s" was created. The genus Acmaea is composed of many
species, most of which are difficult to field identify. Removal of individuals
to the lab for identification would kill most of the collected animals so it
was decided to lump all of them under the "Acmaea spp." grouping. There are
two species of Leptasterias, and it difficult to separate them. Therefore, we
have included both species under the ''Leptasterias spp." group.
The percent frequency of occurrence information for all invertebrate
species identified from the stations is summarized in Appendix 4.
The term "significance" used here is based upon the 95% level of
probability (p ~ 0.05).
B. Results
In the competition for exposed space in the Diablo Canyon area mid- and
low-intertidal, macro-invertebrates (approximately 10 mm or greater) appear
less successful than algae. A random inspection of this area reveals an
abundance of ver,y small invertebrate organisms (notably gastropods,
polychaetes, ophiuroids, decapods, and amphipodS), living among the "shrubby"
algae, but relatively few invertebrate species above a size of 10 mm are found.
Density data for the most common of these macro-invertebrate species
encountered at our stations will be reported here.
-
---
'-'
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Generally, the non-colonial macro-invertebrates characterizing the mid-and
low-intertidal fall into three phyla: Arthropoda, Mollusca, and Echinodermata.
For this report statistical analyses were performed on data collected for the
following 12 taxon from the three phyla:
ARTHROPODA
*Pugettia producta
*Pugettia richii!gracilis
MOLLUSCA
*Fissurella volcano
Acmaea spp.
Tonicella lineata
Tegula brunnea
Tegula funebralis
Serpulorbis squamigerus
:ECHINODERMATA
*Henricia leviuscula
*Leptasterias spp.
Pisaster orchraceous
*Strongylocentrotus purpuratus
*Invertebrates for which size information is also presented.
1. Diablo Point Intertidal
ARTHROPODA
Pugettia producta
The kelp crab occurred at an average of O.81!O.25-m2• Although never
highly abundant in any season, it generally increased during the summers
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(Figure 37). This apparent seasonality, however, was not significant
(Table 20). Carapace width of the 57 kelp crabs sampled here averaged 16.9 mm,
while the mode was 12 to 14 mm (Figure 57).
Pugettia richii/gracilis complex
The decorator crabs were substantially less abundant than the kelp crab,
and were not found during the first winter sampling period (Figure 37). Even
so, a K-W test showed no significant difference through time (Table 20)
probably due to the low seasonal numbers. Overall, the mean density was
0.15/0.25 m2• The carapace width average was 13.4 mm while the mode was 12
to 14 mm for the 11 animals measured (Figure 58).
MOLLUSCA
Fissurel1a volcano
The volcano limpet occurred at an average of 0.36/25-m2 (Figure 38). A
K-W test showed this population to be relatively stable during the sampling
periods (Table 20). The mean shell length of the 23 animals was 21.3 mm and
the mode was 24 to 25 nun (Figure 59).
Acmaea ..!!l?£..
The limpet group was found at an average of 0.97/0.25-m2• It seemed to
decline sharply after the first winter period and to increase gradually
thereafter (Figure 38). A K-W showed this change through time to be
significant at the 95~ confidence level (Table 20).
( ( ( ( (
TABLE 20. Results of Kruska1-Wa11is Analysis on Seasonal Abundance of Dominant Macro-Invertebrates at
Diablo Point Intertidal. DCPP, 1973-1977.
Kruska1-Wallis
Species Winter 73-74 Winter 74-75 Sunrner 75 Winter 75-76 Sunrner 76 Sunrner 77 Significance*
ARTHROPODA
Pugettia producta 0.33 0.65 0.42 0.67 1.00 1.48 0.58 0.67 1. 17 1.99 1. 33 1.07 0.120
28.00 30.42 38.38 35.25 38.46 48.50
pugettia richii/ 0.00 0.00 0.08 0.289 0.17 0.58 0.08 0.29 0.17 0.58 0.42 0.67 0.187
gracilis complex 32.50 35.38 35. 71 35.38 35. 71 44.33
MOLLUSCA 0.17 0.39 1.33 0.29 0.17 0.39 0.17 0.39 0.25 0.62 1. 33 2.35 0.260
Fissurella volcano 35.08 32.29 35.08 -- -35.08 35.58 45.88
Acmaea spp. 2.50 5.18 0.08 0.29 0.42 1.44 0.58 1. 16 5.83 1.50 1.67 2.31 0.045*
44.75 28.96 29.96 37. 17 32.92 45.25
Tonicella lineata 0.42 0.79 0.17 0.39 0.25 0.45 0.42 0.67 0.50 0.90 0.58 0.79 0.800
36.17 31.83 34.50 38.00 37.00 41.50 I~
Tegula brunnea 2.25 2.26 6.67 8.13 2.92 2.91 5.67 5.42 2.17 3.51 4.16
LV
5.27 0.307 I
31. 54 44.96 35.13 42.25 27.54 37.58
Tegula funebralis NOT OBSERVED
Serpulorbis squamiqerus 0.33 0.65 1.58 2.13 1.92 2.02 3.58 3.03 1.25 1. 91 1.83 1. 75 0.034*
22.54 37.58 40.58 40.58 30.33 39.67
ECHINODERMATA
Henricia leviuscula 0.08 0.29 0.58 0.67 0.67 0.98 0.75 0.87 0.50 0.80 0.67 0.89 0.300
25.54 39.33 38.33 41.50 35.33 38.96
Leptasterias spp. 0.58 0.67 1.25 0.96 1.00 1.76 1.92 2.35 1.67 3.08 1.67 1. 15 0.178
27.75 40.75 29.71 39.58 34. 75 46.46
Pisaster ochraceous 0.17 0.39 0.19 0.49 0.25 0.62 0.25 0.45 0.00 0.00 0.25 0.62 0.713
36.75 37.21 37.21 39.63 31.00 37.21
Strongylocentrotus 4.42 8.39 1.58 4.25 0.25 0.62 3.92 3.62 16.42 28.91 9.75 17.64 0.000*
purpuratus 33.21 25.96 18.08 41.38 53.38 48.00
. X(count/0.25-mz ) Standard Deviation
tSeasonal values for specles represent: Kruskal-Wal1is Mean Rank
*Significance level (p 2 0.05)
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Tonicella lineata
The lined-chiton, which occurs on encrusting coralline substrate, was found
at an average of 0.39!0.25-m2• Despite its rather low numbers during each
period (Figure 38), it was quite stable (Table 20).
Tegula brunnea
The brown turban snail was quite common at DPI, occurring with a mean of
3.97!0.25-m2 • Highest numbers found were during two winter periods
(Figure 39), but it did not demonstrate a distinct seasonality (Table 20).
Tegula funebralis
No black turban snails were encountered at the DPI stations.
Serpl:llorbis squamigerus
The scaly tube snail was common only at DPI. Here it occurred with a mean
of 1.75!0.25-m2• Probably due to a low count during the first winter
(Figure 39), its variation through time was significant (Table 20).
ECHINODERMATA
Henricia leviuscula
The blood star population was stable at DPI (Table 20). However, its
average of 0.54/0.25-mQ (Figure 40) was the lowest for this species among
--95-
the study areas. Its mean size (greatest diameter, armtip-to-armtip) for a
total of 38 animals was 18.6 mm, but showed a tri-modal size structure (9 to 11
mm, 18 to 20 mm, and 24 to 26 mm) for the combined sampling periods
(Figure 60).
Leptasterias~
The six-rayed star was found at an average of 1.35/0.25-m2 at DPI
(Figure 40). Like Henricia, this star was also quite stable through time
(Table 20). The rrean size of the 88 animals measured during the sampling
periods was 18.5 rom, while the modal increment was 12 to 14 mm (Figure 61).
Pisaster ochraceous
The ocher star occurred with significance only at DPI and even there it was
not very abundant (Figure 41). It was found at a rrean of 0.19/0.25-m2 , but
at 'this low level it was quite stable through time (Table 20).
Strongylocentrotus purpuratus
Only at DPI did we see mature populations of the purple urchin. While our
data indicate a wide seasonal fluctuation (Figure 41), this ma;y be more the
result of a few samples taken at higher elevations of the intertidal where
there is a denser population. The higher elevations were sampled when storm
seas made the lower intertidal inaccessible. The variation through time was
significant (Table 20), a probable effect of sampling. Measurements of test
diameters, taken sporadically due to the urchin's crevice-dwelling nature,
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2. South Diablo Cove Intertidal
ARTHROPODA
Pugettia producta
The kelp crab occurred at an average of 0.75/0.25-m2• It did not
appear to be seasonal in occurrence (Figure 42) and this was verified b,y a
Kruskal-Wallis test of its abundance by sampling period (Table 21fll.) The mean
carapace width of the 179 animals measured was 14.4 mm, with a mode of 12 to 14
mm (Figure 57).
Pugettia richii/graci1is complex
With a mean of 0.54/0. 25-m2 , this crab group was more abundant at SOCI
than at the other study areas. It was, however, unstable through time
(Table 21), probably due to its extremely low occurrence of the first winter
(Figure 42). Its mean carapace width, based on 114 animals, was 11.8 mm, with
a mode at 12 to 14 rom (Figure 58).
MOLLUSCA
Fissurella volcano
The volcano limpet was not abundant at SOCI (0.16/0.25-m2 ) (Figure 43),
but occurred with sufficient regularity to be considered stable (Table 21).
Its mean shell length for 37 animals was 20.8 mm and there were two modes: 18
to 20 nun and 24 to 26 nun (Figure 59).
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Acmaea spp.
Limpets were found on the average of O.39!O.25-m2 • There was no
evident seasonal or temporal variation (Figure 43) which was confirmed by a K-W
test (Table 21).
Tonicella lineata
The lined chiton was consistently rare at SDCI (Figure 43). At this low
level, no significant seasonal differences could be detected (Table 21).
Tegula brunnea
The brown turban snail was found at an average of O.73!O.25-m2 , the
lowest figure of any study area. A highly mobile herbivore, it was irregular
in occurrence (Figure 44). This irregularity was reflected b,y a K-W test which
showed a significant difference between the various sampling periods
(Table 21).
Tegula funebralis
Black turban snails, though abundant in the upper intertidal at South
Diablo Cove, were only found during two winter sampling periods. Even then,
they were quite rare (Figure 44). The K-W test showed the two occurrences to
be barely different from zero (Table 21).
ECHINODERMATA
Table 21. Results of Kruskal-Wallis Analysis on Seasonal Abundance of Dominant
Macro-Invertebrates at SQuth Diablo Cove Intertidal. DCPP, 1974-1977.
Kruskal-Wallis
Species Winter 74-75 SUlTIller 75 Winter 75-76 SUlTIller 76 Winter 76-77 SUITIlle r 77 Significance*
ARTHROPODA
pugettia producta 0.58 1.08 0.50 0.77 0.47 0.72 0.81 1.33 0.89 1.37 0.94 1. 19 0.460
99.47 -9-9.50 ---gg~ --ros~ 110.44 121.10
pugettia richii/ 0.06 0.23 0.56 1.11 0.31 0.59 0.47 0.91 0.89 1. 19 0.94 1.39 0.000*
gracilis complex 79.11 104.39 98.63 103.36 125.81 126.83
MOLLUSCA 0.22 0.64 0.22 0.87 0.03 0.18 0.08 0.28 0.25 0.50 0.17 0.70 0.170
Fissurella volcano 109.90 106.83 98.22 103.58 118.15 101.39
Acmaea spp. 0.31 0.58 0.44 1.11 0.19 0.40 0.64 1.68 0.25 0.91 0.47 0.88 0.581'.
109.94 104.22 103.00 110.00 96.97 114.47
Tonicella lineata 0.08 0.28 0.14 0.42 0.06 0.25 0.03 0.17 0.03 0.17 0.03 0.17 0.520 I
109.29 112. 39 107.09 103.43 103.43 103.43 ~
co
Tegula brunnea 0.97 1.54 1. 25 2.92 0.50 1.44 0.36 0.68 0.78 1.65 0.11 0.32 0.010* I
126.79 114.39 94.69 104.42 109.96 87.44
Tegula funebralis 0.11 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.28 0.00 0.00 0.060
107.49 104.50 104.50 104.50 113.29 104.50
serpulorbis squamigerus NOT OBSERVED
ECHINODERMATA 0.33 0.63 0.92 1.27 1.00 1.34 ].86 2.03 1.31 1.80 1.61 1.81 0.001*
Henricia leviuscula 74.25 100. 18 105.84 127.49 108.86 122.75
~eptasterias spp. 0.39 0.96 2.19 4.58 1.44 3.89 2.14 2.10 5.00 7.29 2.72_ 3.09 0.000*
63.68 100.13 89.06 102.86 - 134.60 128.74
Pisaster ochraceous NOT OBSERVED
strongylocentrotus 0.14 0.35 0.22 0.92 0.31 0.96 0.25 0.60 0.28 0.62 0.14 0.42 0.899
purpuratus 104.rr- 104.69 107.03 110.33 111.08 101. 75
t Seasonal values for species represent: x
* Significance level (p ~ 0.05)
( ( ( (
--
-
-
-99-
Henricia leviuscula
With an average of 1.13/0.25-m2 over the s1 x sampling periods, the
blood star seemed to increase in numbers through time (Figure 45). A K-W test
showed this temporal difference to be significant (Table 21). Measurements of
266 animals showed an average diameter (armtip-to-armtip) of 16.5 mm with a
modal class of 12 to 14 mm (Figure 60).
Leptasterias spp.
The six-rayed star occurred at its highest average level and was the most
abundant at SDCr: 2.l9/0.25-m2• Although it was stable in the summers, it
was quite variable in the winters (Figure 45). This variability caused a
significant seasonal difference (Table 21). The average size of the 508
animals measured was 19.3 mm with a mode of 18 to 20 rom (Figure 61).
Strongylocentrotus purpuratus
The purple urchin occurred at its lowest level at socr: 0.22!0.25-m2•
The majority of urchins there are small Juveniles; for the 41 animals measured,
the average test diameter was 12.0 mm, and the mode was 6 to 8 mm (Figure 62),
indicating a population that never reaches maturity. This Juvenile population
appears, however , quite stable (Figure 46), which is supported by a K-W test
(Table 21).
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3. North Diablo Cove Intertidal
ATHROPODA
Pugettia producta
The kelp crab occurred at an average of 0.88/0.25-m2 at NDC!
(Figure 47). It showed a significant difference in its periodic occurrence
(Table 22) but did not evidence a true seasonality (Figure 47). A mean
carapace width of 15.2 mm was derived from measurements of 202 animals, with a
modal class of 9 to 11 mm (Figure 57).
Pug~ttia richii/graci1is complex
This crab group was found at an average of 0.36/0.25-m2 , and it seemed
to be more common in summers (Figure 47). This possible seasonality was
supported by a K-W test (Table 22). Its average carapace width for 75 animals
was 12.5 mm with a mode of 12 to 14 mm (Figure 58).
MOLLUSCA
Fissurella volcano
This volcano limpet was most abundant at NDC!: 1.00/0.25-m2 • Unlike
the other study areas, however, these animals at NDCI appeared to vary through
time (Figure 48). A K-W test showed this variation to be significant
(Table 22). Measurements of 216 animals yielded a mean shell length of 17.0
mm, with a mode of 12 to 14 rom (Figure 59).
( ( ( (
(
TABLE 22. Results of Kruskal-Wallis Analysis on Seasonal Abundances of Dominant
Macro-Invertebrates at Nort- Diablo Cove Intertidal. DCPP, 1974-1977.
Kruska1-Wa11 is
Species Winter 74-75 Summer 75 Winter 75-76 SUllIlIer 76 Wi nter 76~ 77 Sunluer 77 Significance
---
IIRTlIROPODII
"u./et tia producta 0.56 0.98 1. 33 1. 22 0.71 0.93 0.92 1.38 1.06 1.31 0.67 0.79 0.026*
86.94 131.21 99.30 102.11 114.61 --9~
puyettia richii / 0.13 0.49 0.61 0.93 0.11 0.40 0.56 1.00 9. 22 0.59 0.52 0.941 0.002*
qracilis complex 89.28 121.04 90.79 118.87 97.01 116. 72
MOLl-USCA 0.94. 1.52 0.94 1. 72 1.94 2.38 0.47 1.03 1.58 2.62 0.42 0.60 0.003*104.19 101.94 128.24 84.82 124. 76 --(~f'issurell.i volcano
0.40 0.139 0.424 0.60 0.98 0.28 0.57, 0.22 0.54 0.194 0.525 0.045 I0.19 I-'
ACTnriea spp. 103.97 97.00 123.47 10B.50 103.03 100.29 0
I-'
0.06 0.25 0.03 0.17 0.06 0.24 0.00 0.00 0.14 0.42 0.11 0.32 0.291 I
106.06 102.42 105.50 -----gg:-so- - 111.35 111. 17Tonicella lineata
2.44 3.26 4.89 7.87 2.B9 4.27 2.64 4.42 6.58 6.12 2.31 1.88 0.000*1'cyula brunnca - 89.14 105.60 - 97.77 93.50 148.99 --niUr-
2.81 5.56 0.03 0.17 0.26 1.20 0.00 0.00 2.33 2.97 0.00 0.00 (J.OOO*1'egula t unebrdl is 130.00 - --fOI.25"- 104.79 96.00 124.61 --~~
scrpulorbis NOT OBSERVED
squdmi gerlls
ECIlINODERHATA 0.13 0.42 1.08 1. 34 1.11 1. 23 1.58 1.87 2.33 2.97 2.19 1.77 0.000*
Hencicia leviuscula - 54.06 98. 76 103.86 111.00 124.61 --n~
0.13 0.3/, 0.83 0.91 0.94 1.41 0.92 1.25 1.41 1.56 1.56 1.34 0.000*
Lepataster ias spp. 60. 75 105.00 100.14 103.86 125.39 --n~
l' i sdster {Ich r,lceous NOT OBSERVED
0.09 0.39C' 0.36 1.22 1.03 1.60 1. 14 2.706 0.14 0.35 0.19 0.62 0.000*
_'itrongy lucent rot us 90.50 101.25 132. 73 117.50 97.33 ----g"5.7I
JllH"pUrat lJ.s
,"c~__....-".....".".....
,
t Seasonal values for species repr~sent: x (count/0.25 m') Standard Deviation
Kruskal-Wallis Mean Rank
* Significance level (p ~ 0.05)
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Acmaea spp.
Limpets (>10 mm shell length) were neither very common here (Figure 48) nor
consistent in occurrence from period to period. The,r also did not appear to be
seasonally distributed (Table 22).
Tonicella lineata
The lined chiton, as in SDC!, was extremely rare in this area. It occurred
with an average of O.07/0.25-m2 (Figure 48). Though it was not encountered
during one summer period, a K-W test did not show significant variation through
time (Table 22), due to its low numbers.
Tegula brunnea
The brown turban snail was the most abundant animal at NDC! ((0.54/0.25-m2)
Its occurrence was irregular (Figure 49) which led to a significant difference
in abundance by sampling period (Table 22).
Tegula funebralis
The black turban snail, abundant in the upper intertidal at NDeI, was not
very common at our stations in the lower intertidal (0.52/0. 25-m2 ) • It did
not occur during two of the summer sampling periods (Figure 49). The high value
of the first winter probably caused a significant difference in abundance by
sampling period (Table 22).
-
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ECHINODERMATA
Henricia leviuscula
The blood star reached its highest abundance at NDCI: 1.36/0.25-m2•
Generally, its numbers seemed to increase throughout the sampling period
(Figure 50). As a result, a K-W test of its abundance through the sampling
periods proved highly significant (Table 22). The mean size of the 319 animals
measured was 14.7 mm with a mode of 12 to 14 mm (Figure 60).
Leptasterias spp.
The six-rayed star occurred at an average of 0.92/0.25-m2• It appeared
to increase through time (Figure 50) and this increase was shown to be
statistically significant b,y the K-W test (Table 22). Its mean size, from 213
animals measured, was 18.2 mm, with a mode of 12 to 14 mm (Figure 61).
Strongylocentrotus purpuratus
The purple urchin occurred at an average of 0.50/0.25-m2• Because of
an apparent increase in numbers during the two middle sampling periods
(Figure 51), its variation through time was significant (Table 22). As in
SDCI, the urchin population here is largely Juvenile and hence very small
(Figure 62). Of the 56 urchins measured, the average test diameter was 16.7 mm
with a mode of 6 to 8 Mm.
3. North Diablo Cove Intertidal
-104-
4. North Control Intertidal
ARTHROPODA
Pugettia producta
The average abundance of the kelp crab at NCI, O.58!O.25-m2 , was the
lowest of all the study areas. There seemed to be a tendency toward increased
abundance in the summer (Figure 52), but this did not test as significant
(Table 23). Corresponding to the other study areas, the intertidal kelp crab
population consists mostly of juveniles (Figure 57). Average carapace width of
the 138 individuals measured was 16.6 rom with a modal class of 12 to 14 mm.
Pugettia richii!gracilis complex
This crab group was never very abundant at NCI and was not encountered
during the first winter period (Figure 52). Its overall mean was
O.20!O.25-m2, and was unstable through time (Table 23). Mean carapace
width of the 46 animals measured was 13.6 mm with a class mode of 12 to 14 mm
(Figure 58).
MOLLUSCA
Fissurella volcano
With a mean of O.91!O.25-m2 , the volcano limpet was nearly as abundant
as NCl, as it was at NDCI. In contrast to the NDCl population, however, it was
remarkably stable through time (Figure 53). This stabil1ty was confirmed by a
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K-W test (Table 23). With the exception of a few larger animals at NDCl t the
population size structure over the sampling periods at this study area seems to
closely resemble that of the SOCI population (Figure 59). Mean shell length
was 20.8 mm with a class mode of 24 to 26 mm for 197 measured limpets.
Acmaea spp.
The average level of abundance of limpets at NCI was quite low and similar
to socr and NOCr: 0.37/0.25-m2 (Figure 53). It did not vary significantly
through time (Table 23).
Tonice11a 1ineata
As at NOCr and socr, the lined chiton was quite scarce at the NCr stations
(Figure 53). It occurred with a mean of 0.09/0.25-m2• The K-W test for
differences between seasons indicated that the population was "stable"
(Table 23). However, because of the low numbers counted t this result might
also be interpreted as being not significantly different from zero.
Tegula brunnea
Brown turban snails were the most abundant animal sampled at NCr. They
occurred at an average of 6.74/0.25-m2• They were also quite stable
through the sampling periods (Figure 54) as reflected by a K~ test of their
abundance by period (Table 23).
TABLE 23. Results of Kruskal-Wal lis Analysis on Seasonal Abundances of Dominant Macro-Invertebrates at North Control
Intert Idal. OCPP. 1974-1917.
Kruskal-Wailis
Species Winter 74-75 Summer 75 WI nter 75-76 Summer 76 Winter 76-77 Summer 77 Sign I f Icance*
ARTHROPODA
Pugettla producta 0.36 0.54 0.69 0.92 0.40 0.67 1.00 1.38 0.44 0.91 0.58 0.84 0.090
105.53 126.14 105.79 131.89 100.11 116.37
Pugettla rlchll/ 0.00 0.00 0.17 0.51 0.07 0.27 0.42 0.78 0.19 0.47 0.32 0.77 0.009*
gracilis complex 98.50 111.39 106.64 130.34 117.00 121.47
~LLUSCA 0.78 1.29 0.94 1.60 0.78 1.91 1.00 1.66 1.22 2.10 0.80 1.67 0.850
Fissurel la volcano 114.37 118.37 107.35 117.99 121.64 108.42
~sPp. 0.19 0.47 0.53 0.91 0.22 0.53 0.28 0.60 0.44 1.11 0.48 0.82 0.360 II-'
106.07 126.15 107.46 110.66 113.82 123.09 0
C\
I
Ton Ice I Ia II neata 0.17 0.38 0.08 0.28 0.05 0.22 0.08 0.27 0.11 0.52 0.08 0.27 0.520
123.92 114.46 110.67 113.51 111.57 113.51
Tegula brunnea 5.08 9.08 8.36 17.41 6.65 14.04 5.35 7.35 7.42 9.98 9.15 15.26 0.206
98.78 117.04 104.77 108.21 129.86 125.55
Tegula funebralls 0.44 0.94 1.61 4.25 0.05 0.22 0.05 0.22 1.44 4.07 0.25 0.17 0.000*
125.79 121.97 103.27 103.27 136.08 100.64
Serpulorbls
squamblgerus NOT OBSERVED
ECHINOOER-1ATA 0.28 0.51 0.75 0.97 0.80 0.99 0.58 0.87 0.86 1.25 1.75 2.01 0.000*
Henrlcla levluscula 85.46 115.03 117.44 102.34 116.10 147.95
( ( <. ( (
( ( ( ( (
TABLE 23. (Cont Inued )
Kruska I-Wa I II s
Species Winter 74-75 Summer 75 Winter 75-76 Summer 76 Winter 76-77 Summer 77 Sign I f lcence*
Leptasterlas spP. 0.05 0.81 0.67 0.93 1.28 1.40 0.82 0.87 1.11 1.64 1.10 1.34 0.040*
91.54 102.54 134.81 115.82 115.64 123.26
Plsaster ochraceus NOT OBSERVED
Strongylocentrotus 0.36 1.24 0.36 0.72 0.30 0.69 1.12 2.49 0.14 0.42 0.30 0.72 0.181
purpuratus 197.39 118.85 113.45 129.62 103.13 113.15
+ Seasonal Values for Species Represent:
* Significance level: (p~0.05)
x (Count/0.25-m2) Standard Deviation
Kruskal-Wal lis Mean Rank
I
I-'
o
-.J
I
-108-
Tegu1a funebra1is
Black turban nails, because of their "preference" for the upper intertidal
areas, were encountered irregularly at the NCr stations (Figure 54). Over all
the sampling periods, they occurred with a mean of 0.72/0.25-m2• Their
variation in abundance through time was significant (Table 23).
ECHINODERMATA
Henricia leviuscula
The blood star occurred with a mean of 0.80/0.25-m2• Probably due to a
low mean during the first winter period and a high mean during the last summer
period (Figure 55), its variation through time was significant (Table 23).
Average size of the 194 animals measured throughout this preoperational period,
as determined b,y greatest armtip-to-armtip distance, was 17.2 mm with
neighboring bimodal classes of 12 to 14 mm and 15 to 17 mm (Figure 60).
Leptasterias spp.
The six-rayed star occurred at an average very close to that of the NDCr
population: 0.90/0.25-m2• Probably due to the very low mean during the
first winter period (Figure 55), its variation through time was significant
(Table 23). Its average size was 20.4 rom with a nndal class of 18 to 20 rom for
218 measured animals (Figure 61).
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Strongylocentrotus purpuratus
The purple urchin was found at an average of 0.44/0.25-m2• Its period-
to-period levels of abundance appeared fairly static (Figure 56) and a K~ test
confirmed this (Table 23). The 80 animals measured showed an average test
diameter of 17.4 rom, with modes at 12 to 14 mm and 18 to 20 mm (Figure 62).
5. Comparison of Study Areas
To determine how the selected invertebrate species compare in mean
abundance through time and among the study areas, the Kruskal-Wallis test was
utilized to test two null hlfpotheses: 1) there has been no change in sample
mean densities for specific invertebrates at each study area over the time span
of the study (temporal stability of study areas); 2) there is no difference in
sample mean densities of specific invertebrates among the study areas
(comparability of study areas). Necessary assumptions to make in interpreting
the test results is that non-significance among the mean counts of
invertebrates during sampling periods can be equated with stability in terms of
time and that non-significance among the mean counts of invertebrates at study
areas can be equated with comparability of the study areas.
ARTHROPODA
Pugettia producta
The kelp crab appears to be one of the more stable and more evenly
distributed invertebrates studied. It showed no significant difference in
numbers over time in three of the study areas (Table 24). The only area to
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TABLE 24. Results of Kruskal-Wallis Analysis for Temporal Stability of
the Four Intertidal Study Areas by Dominant Macro-Invertebrate
Abundances. + DCPP, 1974-1977.
Diablo Point South Diablo Cove North Diablo Cove North Control
Level of Level of Level of Level ofSpecies Significance* Significance* Sign ifi canc~ Significance'"
ARTHROPODA
Pugettia producta 0.123 0.456 0.026* 0.094
P. richiilgracilis 0.187 0.000* 0.002* 0.009*
MOLLUSCA
Acmaea spp. 0.045* 0.581 0.045* 0.360
Fissurella volcano 0.262 0.157 0.003* 0.846
-Tegula brunnea 0.307 0.010* 0.000* 0.206
T. funebralis 0.056 0.000* 0.000*
Tonicella lineata 0.796 0.515 0.291 0.524
Serpulorbis squamigerus 0.034*
ECHINODERMATA
Henricia leviuscula 0.302 0.001* 0.000* 0.000*
Leptasterias spp. 0.178 0.000* 0.000* 0.040*
Pisaster ochraceous 0.713
Strongylocentrotus 0.000* 0.899 0.000* 0.181
purpuratus
* significance level (p ~ 0.05)
- absent or too rare for meaningful treatment
* All sampling peri ods were used in analysis for each study area
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show a difference among sampling periods was NDeI where it also showed a
slightly higher grand mean. It also showed an between-area stability for four
of the six periods sampled (Table 25). One feature of the kelp crab population
that appears to be nearly constant from one study area to the next is the size
of animal. The modal size of the crab is 12 to 14 mm in all areas except NDCI
where it is sma1ler--9 to 11 mm (Figure 57).
Pugettia richii/gracilis complex.
This species group appeared to be stable over the entire study period only
in DPI (Table 24). However, it was comparable in numbers at four of the six
sampling periods when the data from the four study areas were compared
seasonally (Table 25). Perhaps of interest is that these periods of stability
coincided with those for the kelp crab, P. producta. Again, the sizes of the
,
animals appear to be consistent among the study areas (Figure 58) with a common
modal class of 12 to 14 mm.
MOLLUSCA
Acmaea spp.
The limpet group was found to be stable over the six sampling periods in
two study areas: SDCI and NCI (Table 24). The grand means for these two study
areas were also very close (O.39!O.25-m2 and O.37!O.25-m2,
respectively). It was comparable in numbers at the four study areas in the
first four sampling periods (Table 25).
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Fissurella volcano
The volcano limpet showed no significant difference in mean counts through
time at DPl, SOCl, and NCl (Table 24). However, its numbers at SOCl were very
low and a non-significant difference in abundance here ~ not have as much
meaning as in an area with a larger population. This range in population size
between the study areas may be responsible for the lack of any seasonal
similarity between the study areas (Table 25). The size data taken over the
pre-operational study period showed similar average shell lengths (near 21 mm)
of animals at DPl, SOCl, and NCl: near 21mm. There was a higher percentage of
small animals at NOCl where the mean shell length was 17.0 rom (Figure 59).
Tegula brunnea
The brown turban snail was stable through the sampling periods in two
areas, DPl and NCl (Table 24), which were locations of their greatest
abundance, as well. The differences of their overall abundance among the study
areas were all significant (Table 25) perhaps due mostly to the lower numbers
found in SOCI.
Tegula furtebralis
The black turban snail was not seen at DPI. At the other three study areas
the snail was stable in numbers over time only at South Diablo Cove (Table 24).
Comparability of numbers of black turban snail among the other three study
areas was found ortly during two of the six sampling seasons (Table 25).
-
TABLE 25.
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Results of Kruskal-Wallis Analysis for Between Area
Comparability for each Sampling Period in all Study AReas)
Macra ...lnyertebrate Abundances. DCPP, 1974-1977 •
.......,
-
Species t
ARTHROPODA
pugettia producta
P. richii/gracilis
MOlLUSCA
Acmaea spp.
F'issurella
volcano
Tegula brunnea
T. funebralis +
Tonicella lineata
ECHINODERMATA
Henricia
leviuscula
Leptasterias Spp.
Strongylocentrotus
purpuratus
Winter 74-75
Level of
Si gnifi cance
0.973
0.476
0.575
0.016*
0.001*
0.003*
0.474
0.048*
0.000*
0.036*
Summer 75
Leve 1 of
Significance
0.007*
0.046*
0.096
0.013*
0.000*
0.003*
0.140
0.804
0.541
0.654
Winter 75-76
Level of
Significance
0.430
0.101
0.169
0.000*
0.000*
0.302
0.011*
0.695
0.212
0.000*
Summer 76
Level of
Signifi cance
0.894
0.419
0.967
0.013*
0.000*
0.000*
0.007*
0.005*
0.026*
0.000*
Winter 76-77++
Level of
Significance
0.020*
0.000*
0.019*
0.001*
0.000*
0.009*
0.083
0.001*
0.004*
0.005*
SUllIl1E!r 77
Level of
Significance
0.084
0.052
0.037*
0.014*
0.000*
0.552
0.001*
0.041*
0.035*
0.000*
-
* significance level (p ~ 0.05)
+ only three study areas compared
++ data from winter, 73-74 at DPI, included for winter, 1976-77, which was not sampled
t Pisaster ochraceous was not included -in statistical analyslsbecause it was observed
at:only one study area
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Tonice11a 1ineata
The lined chiton was stable over time within each of the study areas
(Table 24). However, with the exception of DPI, the numbers of animals were
quite low and none of the grand means for the remaining three study areas
exceeded 0.10/0.25-m2• The differences in numbers between the study areas
were not significant during three of the sampling periods (Table 25).
Serpulorbis squamigerus
The scaled tube worm occurred in sufficient numbers for statistical
treatment only at DPI and did not appear to be stable over time (Table 24).
ECHINODERMATA
Henricia leviuscula
Only at DPI were numbers of the blood star not significantly different
through time (Table 24). There were two periods, however, when the means among
the study areas did not differ significantly and two other periods which were
close to non-significance (Table 25). The size data (Figure 60) indicated a
juvenile population in all study areas (adult size can exceed 100 mm). Average
sizes ranged from 14.7 to 18.6 mm.
Leptasterias spp.
The six-rayed star was stable over time only within the DPI study area
(Table 24). Between the study areas, no significant difference of numbers
-
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occurred only during two periods (Table 25). Length measurements showed that
DPr and NDCI shared a class mode of 12 to 14 rom while socr and NCI shared a
mode of 18 to 20 rom (Figure 61).
Pisaster ochraceous
The ochre star occurred commonly only in DPI. Over the time of the study
at DPI, it was stable in numbers from period to period (Table 24).
Strongylocentrotus purpuratus
The purple urchin was most stable over time in SDCr and NCr (Table 24)
where they also showed their lowest grand means. Only during one study period
was there no significant difference between study areas. There was little
comparability among the study areas (Table 25). The measurements of urchins at
DPI are somewhat misleading in that relatively few of the larger animals were
measured when found. If they had been measured, a much higher test diameter
would have been derived. Measurements at other study areas better reflect size
composition of their urchin populations (Figure 62), that is, the populations
are composed mostly of small juveniles that probably do not survive to
adulthood, most likely due to a lack of adequate habitat in the lower
intertidal.
C. Discussion
The Kruskal-Wallis tests for within-area stability over time (Table 24)
indicate that at three of the four stuQy areas several species may occur
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regularly enough to be called "stable." At DPI there are eight such species,
and at SDCI and NCI there are six each. The exception is NDCI at which data
for only one species (Tonicella lineata) yielded a non-significant
Kruskal-Wallis value which can be interpreted to mean that the numbers over
time were stable. These "stable" species may be particularly useful to
determine if a change has occurred after power plant operation begins.
In interpreting the invertebrate results, it is necessary to remember that
sample size at intertidal stations was based on the calculated adequacy of
determining algal biomass in an area. Manpower was not available to take
enough samples to achieve the same desired precision (~ 40% of the mean at the
95% confidence interval) at the species level. Therefore, the within-area and,
in particular, the between-area variability!-squite high for most species.
This is not to imply that the species data may not be useful in making post
start-up comparisons. It may very well be that abundance levels of the
quantified species at the impact stations may change enough, either Qy
increasing or decreasing, to enable us in making statistically demonstrable
comparisons. By the same token, if the range of variation does not change in
the study areas, we may be able to infer that no change has taken place.
It may be, too, rather than making a species-by-species comparison called
for in our original null hypothesis, that "We may be able to measure "community"
change Qy utilizing an analytical method, ne"Wly available on computer, known as
"Canonical Analysis of Discriminants" which was mentioned in the Algae Results
section.
.....,
'-'
'-
-
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Abalone Transect Surveys
A. Methods
1. Field
The objectives of this study were to establish a numerical baseline on
black abalone, Haliotis cracherodii, and red abalone, H. rufescens, and their
shell lengths at random intertidal stations.
Abalone counts were done parallel to the shoreline along each 30-m long
random intertidal station transect line. The abalone were counted within one
meter to either side of the line, for a total area covered of 60 m2 at each
station. These "parallel transect" counts began in 1973.
Counts and identifications were made both visually and Qy feeling as far
under rocks as possible. Tactile identification could be made to separate
black abalone from red abalone due to the difference of shells' anterior lips
and tentacle pores. The red abalone has a rugose lip and raised pores, whereas
the black abalone is smooth in both instances.
To supplement the data from the parallel transects, which we came to
realize did not generally include the densest black abalone habitat, we began a
"perpendicular transect" survey in January 1975 at South Diablo Cove, North
Diablo Cove, and North Control. The starting point of this transect was
determined randomly from the parallel transect. It began at the water's edge,
ran perpendicular to the shoreline, and was limited in length Qy the extent of
abalone habitat. As for the parallel transects, the abalone were counted
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within a 2 m band of the perpendicular transect. Abalone habitat is defined as
rocky substrate of bedrock or large boulders that provide crevices or holes for
the abalone. The upper extent of the habitat is usually the upper littoral
where the black turban snail, Tegula funebralis, or the brown rock-week, Fucus
sp. is found. The area of each perpendicular transect, therefore, was
variable, depending on extent of habitat.
As time and sea conditions allowed, a sample of abalone was measured for
shell length at random parallel transects at all intertidal stu~ areas. We
measured only those red or black abalone that were readily accessible and could
be removed from the substrate without harm to the animals. Vernier calipers
were used to measure the abalone to the nearest 1.0 mm after which the abalone
were replaced in the same location from which they were removed. The shell
length study was discontinued in 1977 because the 3l6(a) field team were
conducting a similar but more intensive length and tagging stu~.
2. Statistical
Counts of abalones along the parallel and perpendicular transects were
converted to mean number per mf for comparison among study areas. The
Kruskal-Wallis test was used to determine if significant (p ~ 0.05) changes
over time in mean counts per rnf had occurred at the parallel and
perpendicular stations at each stu~ area. The Mann-Whitney "u" Test was used
to ana~te for differences between study areas by sampling periods for counts
at the parallel and the perpendicular transects.
No statistical analysis was done on abalone lengths.
-
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B. Results
1. Diablo Point Intertidal
Black abalone, Haliotis cracherodii, densities at Diablo Point parallel
stations remained stable throughout the study (Table 26, Figure 63). There was
no significant decrease in mean densities between the first two study periods
such as occurred in North Control and South Diablo Cove.
Red abalone, H. rufescens, were found at Diablo Point parallel stations
during only two of the seven sampling periods.
Perpendicular staions were not established at Diablo Point.
Black abalone measured at Diablo Point ranged in size from 28 mm to 177 Mm.
There was little change in mean shell lengths during the study period
(Figure 65). Red abalone were too scarce and inaccessible to expend effort
measuring at Diablo Point.
2. South Diablo Cove Intertidal
Black abalone densities at parallel and perpendicular random intertidal
stations in South Diablo Cove were consistently lower than those at North
Diablo Cove and North Control stations (Figures 63 and 64). Comparison of mean
densities between South Diablo Cove and those areas yielded highly significant
differences (p<= 0.05) when all study years were combined at both parallel and
perpendicular stations (Tables 26 and 27).
TABLE 26. Mean Number per m2 of Black Abalone (Haliotis cracherodii)and Red Abalone (Haliotis
rufescens) at Diablo Point (DPI), South Diablo Cove (SDCI), North Diablo Cove (NDCI),
and North Control (NCI) Parallel Intertidal Stations; and Results of Kruskal-Wallis
Analysis to Compare Abundances Between First Sampling Period and Subsequent Sampling
Periods ... DCPP, 1973-1977.
------ .
Kruskal-Wal11s
Significance
Winter 73-74 Winter 74-75 Sunmer 75 Winter 75-76 SUllIlIer 76 Winter 76-77 SUllIlIer 77
level
I\rea Black Red Black Red Black Red Black Red Black Red Black Red Black
Red Bl ack Red
OPI 1.03 0.00 0.98 0.00 1.89 0.00 0.95 0.02 1.48 0.00 - - 1.56 0.02 0.610
0.466 II-'
N
0
SOCI 0.13 0.10 0.01 0.03 0.02 O.Og 0.04 0.06 0.03 0.05
0.358
I
0.09 0.02 0.06 0.01
0.024-
tiDe I 2.B7 0.34 1.85 0.10 1.40 0.09 1.28 0.16 1.14 0.13 1.35 0.15 0.94
0.10 0.323' 0.019-
tiC I 2.04 0.03 0.55 0.02 0.65 0.01 0.30 0.05 0.61 0.01 0.42 0.03 0.72
0.01 0.015- 0.714
- Not sampled
* Significance level (P~O.05)
( ( ~ (
'-'
-
--
-
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The highest densities of black abalone found in South Diablo Cove parallel
stations were tabulated during the 1973-74 winter period when a mean of 0.09
per mf was recorded (Table 26, Figure 63). There was a substantial
decrease in mean densities at these stations during the following surve,y period
(winter 1975-76) when only 0.02 black abalone per mf were found.
Throughout the study periods, there was a generally decreasing trend in black
abalone densities at parallel random intertidal stations. A significant
decrease was observed between densities of black abalone tabulated during the
1973-74 winter and densities found during the remaining periods (Table 26).
Red abalone mean densities at parallel random intertidal stations in South
Diablo Cove were also significantly different than densities at other study
areas (Table 26). However, a decrease in South Diablo Cove red abalone
densities over the years was not demonstrably significant (Table 27).
Perpendicular random stations were first surveyed during the 1974-75 winter
period. Therefore, the data from those stations do not reflect any immediate
decrease in abalone densities such as occurred at parallel stations after the
1973-74 survey. Generally, densities of both red and black abalones at
perpendicular stations showed no changes throughout the years of the study
(Figures 66 and 67). There was no significant different between densities of
red abalones at perpendicular intertidal stations in South Diablo Cove and
densities in North Diablo Cove or North Control during any, or all, study
periods. However, black abalone densities were significantly lower in South
Diablo Cove perpendicular stations than in the other areas (Table 27).
Black abalone measured at South Diablo Cove ranged in size from 116 mm to
182 mm. The mean length varied little during the study (Figure 65). Red
TABLE 27. Mean Number Per m2 of Black Abalone (Haliotis cracherodii) and Red Abalone
(H. rufescens) at South Diablo Cove (SDCI), North Diablo Cove (NDCI), and
N~rth Control (NCI) Perpendicular Intertidal Stations. DCPP, 1974-1977.
~EAN NUMBER PER m2 IKrUSkal-\'Ja11 i 5 ISignificance
I-'
Winter 74-75 Summer 75 Winter 75-76 Summer 76 Winter 76-77 Summer 77 I Level IV
IV
/\ re a Black Red Black Red Black Red Black Red Black Red Black Red Black Red I
SDCI 0.05 0.12 0.18 0.01 0.30 0.05 O. 11 0.02 0.08 0.05 0.14 0.01 I 0.585 0.905
NDCI 2.77 0.03 1. 90 0.02 2.39 0.05 2.78 0.04 3.60 0.04 1. 94 0.03 f 0.671 0.346
NCI 1. 24 0.00 0.42 0.01 0.37 0.00 0.72 0.00 1. 29 0.01 0.91 0.01 . 0.277 0.346
( <. ( (
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abalone ranged in size from 62 mm to 237 mm; however, the mean lengths between
seasons varied qy ony 16 mm (Figure 65).
3. North Diablo Cove Intertidal
As in South Diablo Cove, there was a substantial decrease in the mean den-
sities of both black and red abalones at North Diablo Cove parallel stations
between the first (Winter 1973-74) and the second (Winter 1974-75) survey
periods (Figure 72 and Table 27). The highest mean densities of black abalone
(2.87 per mf) a red abalones (0.34 per mf) that were found in our
intertidal study areas were recorded during the first survey period in North
Diablo Cove. These densities dropped to 1.85 per ID2, respectively, during
the following survey period. The decrease in densities that occurred at North
Diablo parallel stations between the first study period and those following was
statistical~ significant (p< 0.05) for red, but not for black, abalone.
However, there was a generally decresing trend in the mean densities of black
abalones surveyed at North Diablo Cove stations during the term of the study
(Table 27).
North Diablo Cove parallel had the highest densities of both black and red
abalones of any of our study areas. Mean densities of both species were
significantly different (p~ 0.05) than at North Control or South Diablo Cove
when all years' data were combined (Table 28). Each year, the densities in
North Diablo Cove were higher than in North Control or South Diablo Cove
stations (Table 27). However, during several survey periods, these density
differences were not statistically significant.
Table 28.
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Si 9n i f i can eeL eve 1s 0 f r~ ann - Whit ney "U II Test s for Sea s _
onal Differences in Black Abalone (Haliotis cracheroidii)
and Red Ablone (Haliotis rufescens) Densities Between
Diablo Point (DPI), South Diablo Cove (SDCI), North Diablo
Cove (NDCI), and North Control (NCI) Parallel Intertidal
Abalone Transects. DCPP, 1973-1977.
.lnter ... inter 3umner ',J1nter Sumner ..:tnter jurrrner ~ 11 Seasons
1973-1974 1974-1975 1975 1975-1976 1976 '976-1977 '977 : orno 1neo
-rp.a
SOCI
1,~OOO J,~017' 0.0019' 1. JOOO J .J006· 0, 0051' ), JOOO'31 aCk J.l011
vs
0.4604 0.0094' 0.0272' 0.5217 a .OS28 ).1759 ).0001·<ed 0.2274
~DCI
~DC:
J .0046
.
31 ack 1.0000 I.COOO -J.0017· ~. 0008* 1.0000 ].0003' ) . JOOO'
-IS
a.9263 0.0646 0.4429 'J.2598 1.0259·~ed 0.3758 a .8906 J .0968
'ICI
'lOCI
).1999 0.0313* J.5962 J.a272~ J.7750 J.GOOI·3lack J.8815 J. J093'
IS
J.~277· ).0006' 0.0043' 0.0126' -J.0138· 0.0184' 'J.OOOI·~ed I.JOoo
'ICI
-
OPI
0.9262 -J.0990 0.0650 0.0662 No Oat a 0.4462 ~.0012·3laCk 0.2482
vs
J.0398* J.4844 0.1671 0.2410 No Oat. : .COOO J.0054·<eel 0.1967
:'CI
NCI
0.4641 ~.2973 0.4017 oJ. 1670 J.736; J .0517 0.0087"alack 0.4142
vs
~.2486 J .0039' 0.0943 0.0117' 0.0615 0.0559 0.0000'~ed 0.0509
NOCI .
SOCI
• : iqn,ficance level ,p :. J.05)
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At perpendicular stations in North Diablo Cove, black and red abalone
densities remained relatively stable during the study (Figure 73 and Table 30).
Densities of black abalones were significantly higher than those in both North
Control and South Diablo Cove (Table 29). There were no significant differences
in red abalone densities between North and South Diablo Cove stations.
Black abalone measured at North Diablo Cove ranged from 27 mm to 182 mm, the
mean lengths were similar for all the sampling periods (Figure 65). Red abalone
ranged in size from 37 mm to 182 mm (Figure 65).
4. North Control Intertidal
Mean densities of black abalone at North Control parallel intertidal
stations declined significantly from a high of 2.04 per mf during the
1973-74 winter to 0.55 per mf during the next winter period (Figure 72 and
Table 27). These densities remained depressed throughout the remaining surv~
periods.
There was no significant difference in black abalone mean densities between
North Control parallel stations and the combined North Diablo Cove, South Diablo
Cove, and Diablo Point stations if all years were considered together
(Table 28). However, there is a significant difference between North Control
and Diablo Cove black abalone densities for these years if Diablo Point stations
are not included (Table 28).
Red abalone at parallel stations were apparently at low levels of abundance
throughout the study period and this was verified Qy the K-W comparison
TABLE 29. Mean Number Per m2 of Black Abalone (Haliotis cracherodii) and Red Abalone
(H. rufescens) at Field's Cove, North Diabl~Cove, South Diablo Cove, and
Seal Haul-Out. ncpp, 1970-1978.
Mean Number/m2 of Abalone at Permanent Stations
SUIIlIIIer Su_er Summer Sunwner Winter Summer Winter Summer Winter Summer
1970* 1971* 1974 1975 1975-1976 1976 1976-1977 1977 1977-1978 1978
Area Station Black Red Black Red Black-Red Black Red Blac~ Black~d BT~ed Black Rpd Blac~ Black Red
-------_.__._-----_._-~._-----~-----------------_._---------
Field's lA 7.90 0.00 10.70 0.00 --- --- --- --- 10.00 0.00 --- --- --- --- 10.74 0.00 --- --- 8.95 0.00
Cove
IB 5.73 0.00 6.75 0.00 --- --- --- --- 8.59 0.00 8.76 o.on 10.65 0.00 10.26 0.00 II. 93 0.00 9.00 0.00
North 2A 3.02 0.04 4.45 0.04 6.72 0.03 7.06 0.06 5.42 0.10 3.00 0.03 5.40 0.27 2.82 0.02 4.85 0.13 5.53 0.02
Diablo
Cove 2B 1.15 0.03 1.71 0.05 3.21 0.07 2.97 0.10 1. 76 0.14 2.58 0.18 3.17 0.12 2.57 0.18 1.86 O.OS 1. 25 0.03
South 3A 0.32 0.01 0.37 0.04 0.35 0.00 0.12 0.00 0.53 0.00 0.58 0.02 0.30 0.12 0.40 0.00 0.30 0.00 0.73 0.00 I
Diablo
Cove 3B 0.50 0.03 0.61 0.10 --- --- 0.83 0.08 0.67 0.03 1.17 0.07 0.95 0.00 0.94 0.02 1.47 0.00 0.84 0.03
I-'
I\.)
O'l
Field's 4.14 0.02 3.35 0.00 3.63 0.03 3.82 0.00 3.38 0.00
I
PI --- --- --- --- --- --- --- --- 0.05 3.75Cove
South
Diablo P2 --- --- --- --- --- --- --- --- 5.97 0.00 6.50 0.03 6.50 0.03 6.31 [l.on --- --- 9.16 0.00
CoV'e
Seal
Haul- P3 --- --- --- --- --- --- --- --- I. 34 0.00 I. 04 0.00 1.04 0.00 1. 38 0.00 1.06 0.00 1.45 0.03
Out
Not sampled.
* Burge and Schultz 1973.
( ( ( (
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- (Tables 27 and 28). Red abalone mean density was significantly higher at
combined Diablo Cove Stations than at North Control (Figure 28).
Densities of black abalones at perpendicular stations dropped from 1.24 per
m2 during the Davidson 1974-75 survey period to less than 0.50 per rrf
and remained low until the 1976-77 Davidson surveys (Table 29). Red abalone
- densities at these stations were low throughout the years of the study with no
significant changes observed. Perpendicular station black abalone densities
show no significant difference between North Control and Diablo Cove. Diablo
Point is not included in this since perpendicular stations were not surveyed in
that area. Red abalone also show a significant difference between NCI and
Diablo Cove when all seasons are combined (Table 30).
- Black abalone at North Control varied in size from 28 mm to 176 mm. There
was a slight decrease in mean shell length from 1973-1974 to 1975-1976, but an
increase in mean lengths in 1976-1977 (Figure 65). Red abalone measured in
North Control ranged in size from 90 mm to 204 mm. The mean length decreased
from 1975-1976 (Figure 65).
5. Comparison of Study Areas
-
Black abalone counted along the parallel transects were most abundant at
North Diablo Cove and least abundant at South Diablo Cove (Figure 63). The
Mann-Whitney flU" Test analysis shows that there was a significant difference
between densities at those sites when all seasons were combined (Table 28).
There were significant differences also between SDCI and NCI, NDCI and NCI, DPI
NCI, and between NCI and Diablo Cove (NDCI and SDCI combined) (Table 28). At
TABLE 30. Significance Levels of Mann-Whitney "U" Test for Seasonal Differences
in Black Abalone (Haliotis cracherodii) and Red Abalone (Haliotis
ru£escens) Densities Between South Diablo Cove (SDCI), North Diablo
Cove (NDCI), and North Control (NCI), Perpendicular Stations. DCPP,
1974-1977.
Winter -------xn-:;e a son S
"rea 1973-1974 1974-1975 1975 1975-1976 1976 1976-1977 1977 Combined
sue1
Black 0.1011 1.0000 0.0017* 0.0019* 1.0000 0.0006* 0.0051* 0.0000*
'-./5
Red 0.2274 0.4604 0.0094* 0.0272* 0.5217 0.0828 0.1759 0.0001*
SJC1
Black 1. 0000 1.0000 0.0017* 0.0008* 1.0000 0.0046* 0.0003* 0.0000* I
'.'S I-'
Red 0.3758 0.8906 0.0968 0.9263 0.0646 . , 0.4429 0.3598 0.0269* tv00
:;C1 i
:;DC1
Black 0.8815 0.0093* 0.1999 0.0313* 0.5962 0.0272* 0.7750 0.0001*
'v'S
Red 1.0000 0.0277* 0.0006* 0.0043* 0.0126* 0.0138* 0.0184* 0.0001*
~;c I
-
DP1
Black 0.2482 0.9262 0.0990 0.0650 0.0662 No Data 0.4462 0.0012*
'IS
Red 0.1967 0.0398* 0.4844 0.1671 0.2410 rio Data 1. 0000 0.0054*
NC1
-
~;C I
Black 0.4142 0.4641 0.2973 0.4017 0.1670 0.7367 0.0517 0.0087*
'IS
rted 0.0509 0.2486 0.00039* 0.0943 0.011 7 0.0615 0.0559 0.0000*
:;DC1 +
SDC1
* Slgnltlcance level (p~O.05)
( ( ( (
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both NDCI and Ncr the number per rrf decreased between the witner of 1973-
1974 and the winter of 1974-1975.
Red abalone found along the parallel intertidal transects were most common at
North Diablo Cove and least common at Diablo Point. The Mann-Whitney "u" Test
was used to test for differences in density between study areas. "Every study
"-
site was found to be significantly different from the other sites when all the
seasons were combined (Table 28).
Black abalone at perpendicular transects were most abundant at NDCr and
least abundant at soer (Figure 66), a result also reflected in parallel
transects. The Mann-Whitney "u" Test shows this difference to be significant
when all the seasons are combined (Table 29). There are also significant
"-
differences in densities between SDcr and NCr, NOCr and NCr (Table 29). Red
abalone were about as common at the perpendicular transects as they were along
the parallel transects (Figures 67 and 64). The most red abalone seen at a
perpendicular transect were in SDcr during the first winter survey (1974-1975).
After that survey the densities were similar for NDCr and SDCr. A t4ann-Whitney
"U" Test found no significant difference in densities between NDCl and SDCl
(Table 29). The lowest density of red abalone was at NCr (Figure 64).
-
The total range of black abalone shell lengths at the four study areas was
from 28 mm to 182 mm. Three study areas: Diablo Point, South Diablo Cove, and
North Control generally had abalone in a wide range of sizes while at South
Diablo Cove black abalone had a much narrower size range: from 116 mm to 182
mm. The black abalone at Diablo Point had the smallest mean shell lengths
(Figure 65), probably as a result of space limitation of the holes and crevices
they occupied.
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Red abalone shell lengths ranged from 62 nun to 237 nun at all four study
areas combined. South Diablo Cove red abalone varied the most in size. South
Diablo Cove red abalone generally had mean shell lengths greater than red
abalone at the other study areas (Figure 65).
C. Discussion
Variability in abalone counts along parallel transects may be attributed,
in part, to sampling conditions. Sampling at North Diablo Cove and North
Control stations in 1973 and 1974 was done at the +2 to +4 ft. (NDCI) and 0.0
to 3.5 ft. (NCI) tide levels relative to MLLW. In late 1974 and for the
remainder of the study period, random stations were conducted at or very near
MLLW (Appendix 2). Another source of error IIIB¥ be the "tactile" portion of our
survey; both arm length and willingness to reach under boulders vary between
samplers. Although each sampling period was during low water tidal cycles,
ocean conditions varied greatly. It is probable that some part of the
variability is also due to the samplers' reaction to large waves breaking in
the areas they worked.
The abalone population differences between North Diablo Cove and South
Diablo Cove can be attributed mostlY to habitat. North Diablo Cove,
intertidally, has a large area of excellent abalone habitat and the larger
numbers of black abalone counted there IIIB¥ reflect the overall robustness of
that population.
-
-
--
-
-
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The decline in black abalone numbers in North Diablo Cove and North Control
undoubtedly reflects effects of sea otter foraging since 1973 (NCr) and 1974
(NDCr). The decline in numbers of black abalone in South Diablo Cove even
thOUgh slight, probably is due to both the copper released in July 1974, and
sea otter foraging.
The same reasons also apply to declines of red abalone in NDCI (sea otters) and
SDCI (copper ion discharge, sea otters, and red tide). The [actual] declines
of both species probably are underestimated from our sampling due to the fact
that we are not able to observe and to count smaller abalone under rocks or in
deep crevices. Thus as the exposed abalone have been removed by natural and
man-caused mortality, the "countable" population is replaced by this hidden
population. If this speculated is correct, then at some point in time the
populations of both red and black abalone should show further declines if
stress on them continues.
The fact that black abalone densities have remained fairly stable at Diablo
Point suggests that sea otters have not foraged here, and/or the area was not
affected by the release of copper and the red tide in 1974. Diablo Point is a
ve~ exposed area, and subject to the cleansing effect of almost continuous
wave force.
Despite the fact that populations of red and black abalone declined at most
Diablo Cove stations after the arrival of sea otters in 1974, there was little
change in the mean sizes of either species of abalone. Apparently, the
foraging activities of the sea otter were random enough so that no particular
size group of either red or black abalone was affected.
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PERMANENT STATION STUDY
Abalone Transects
Methods
A. Field
The objective of this study was to establish a baseline on abalone numbers
per rrt?- at specific areas of intertidal abalone habitat.
Permanent intertidal stations were established in Diablo Cove and Control
areas in 1970 (Burge and Schultz 1973). Some of these stations were
discontinued because they proved to have poor accessibility or were in areas
surveyed Qy other methods.
The stations established Qy Burge and Schultz and continued through this
study are lA and IB in Field's Cove, 2A and 2B in North Diablo Cove, and 3A and
3B in South Diablo Cove. New stations were established inside and outside
Diablo Cove in 1975 to allow us to investigate effects of a possible thermal
gradient on abalone. The new stations established are Pl in Field's Cove, P2
in South Diablo Cove, and P3 outside of Intake Cove (Figure 68).
The stations vary in lengths and in orientation to the shoreline. Markers
were located at each end of a station line. Additional markers were placed
along the line on some stations. These markers: concrete blocks, galvanized
pins, or eyebolts, proved to be less than permanent and required replacement at
-
-
-
--
-
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irregular intervals. Stainless steel "L" bolts, more recently installed, have
proven more durable.
Surveys of permanent intertidal stations were conducted a minimum of twice
annually, once during each of the spring and fall periods of low tides. A
transect line was attached to the station markers and abalone within one meter
of each side of the line were counted.
B. Statistical
Field counts were converted to mean counts of abalone per rnF to
facilitate comparisons among study areas. No statistical analyses were done on
the data.
Results
Results of abalone counts at many of our permanent intertidal stations show
considerable variability from year to year and from one season to the next
(Table 29).
1. Diablo Cove
Black abalone populations at permanent stations 2A and 2B in North Diablo
Cove declined slightly over the years of the study (Table 29). During the 1974
summer period, 6.72/m2 black abalones were counted at station 2A. This
number increased to 7.07/m2 during the 1975 summer period and began a
gradual decline that resulted in a count of 3.53/m2 during the 1978 summer
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period. Similar results but lower numbers per rrf. were seen at station 2B.
Initial counts at this station during the 1974 summer surve,y resulted in a
calculated mean of 1.15/m2 black abalone, in 1974 there were 3.21 black
abalone per mf and in 1975 there were 2.97/m2• As in station 2A, counts
over the following surveys showed a gradual decline in numbers of abalone until
1978 when 1.25 black abalone per rrl- were found. Red abalone numbers at
these stations were so low historically as to prohibit any trends being
observed.
The black abalone populations at two South Diablo Cove stations (3A and 3B)
are lower in density than at either North Diablo Cove station. The lower
numbers found at these stations make it difficult to detect any trends; however,
it appears that this population is quite stable (Table 29).
Red abalone were seen at very low densities at station 3A by Burge and
Schultz in 1970 and 1971. After 1971 red abalone were seen at 3A only in 1976.
Very low numbers of red abalone were seen at 3B throughout the study.
At P2 the red abalone were observed only once, in 1976 (Table 29). Black
abalone densities at P2 remained high throughout the study.
2. Control Areas
Permanent intertidal stations were not established in the North Control
area. Instead, there are three in Field's Cove (lA, lB and PI) and one close to
South Cove (P3). At lA and PI numbers of black abalone were stable and no
trends were apparent in their densities (Table 29). The black abalone density
at lB, however, has steadily increased from 5.7/m2 in 1970 to a high of
-
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11.9/m2 in 1977-78. Many of those counted in the latter years were small
abalone. Red abalone were encountered regular~ at station Pl in Field's Cove
and once at Station P3 (Table 29).
Discussion
The variability in counts of abalone at our permanent intertidal stations stems
from two factors: sampling error, and increased mortality since 1973. Sampling
error is the result of the biologists' inability to observe and count many
abalone that are periodically hidden beneath rocks and crevices. The increased
mortality since 1973 is due to the movement of sea otters into the Control areas
and Diablo Cove; the release of copper into Diablo Cove in 1974; and the red
tide conditions in Diablo Cove in the fall of 1974. We believe that the
declines of black abalone observed in 1978 at stations 1A and IB are due to sea
otter foraging. The declining trend in both red and black abalone at stations
2A and 2B are also due to the sea otter foraging. The fact that similar
declines for black abalone are not as evident at stations 3A and 3B in South
Diablo Cove may be due to the very low population of intertidal black abalone
that have been recorded here since surveys of these stations began in 1970. Red
abalone showed a stronger decline at station 3B and this parallels the slight
declines at random intertidal stations in South Diablo Cove, which were most
likely due to sea otter foraging, the copper release, and red tide.
DIABLO CANYON SITE
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Figure 1. Location of Diablo Canyon Power Plant, San Luis Obispo County,
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Figure 2. Location of the Diablo Canyon Power Plant Discharge Structure in
Diablo Cove.
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Figure 3. Locations of Intertidal Stations (1-5) and Subtidal Stations (6-15)
Established in 1969 b,y California Department of Fish and Game at
Diablo Canyon (Burge and Schultz 19(3). DCPP, 1969-1979.
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Figure 4. Cooling Water Pump Operation and Discharge into Diablo Cove. DCPP,
1974-1977.
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Figure 6. Locations of North Control Intertidal (NCI) Random Intertidal
Stations. ncpp, 1973-1977.
-142--
--- - - Highest high tide ---+2.1m (7')- - - - - - - - - -- - -- - --
+1.8m(6') Mean hi,lI.r
- - - -- - - - - - - - - - - - - - - - - - - - - - - - - hih - - - ---
---+l.Sm(S') I water
--+1.2m(4')
MEAN SIA LEVEL========+0.tm(3')=======
--+O.6m(2')
--+0.3m (1')
---------------------- 0 M.ln 10.1' _
____ low water
---- -0.3m (-1')
- ----lowest low tide ----0.8m( -2')- - - - - - - .... - - - --
Figure 7, Range of Semi~diurnalTides in Certtral California. ncPP, 1913-1977.
-
-
--143-
73/74 74 74/75 75 75/7676 76/77 77
WSW S WSW S
SEASON
.......................
n =12
-o
c
'C
..
0.
E
..
n =12n =12
'C
..
n =12~·n:::12. u •••••L...~+ ~
C\J
::;E
I 500L{)
C\J
.
0 400
c:
W
0- 300
"'"
'-- en
. E 200
tU
L..
0>
....... 100
f-
:1:-
CJ
-w
~
>-
0:
£::)
-
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Figure 13. Means, 95% confidence intervals, and ranges of seasonal biomass of
soft red algae from South Diablo Cove Intertidal. DCPP, 1974-1977.
(Dotted horizontal line is cumulative mean for all six sampling
periods).
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Figure 14. Relative composition of soft algae species of South Diablo Cove
Intertidal random O.25-m2 quadrats. DCPP, 1974-1977.
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Figure 17. Seasonal means, 95~ confidence intervals, and ranges of arc-sine
values of articulated coralline algae cover at South Diablo Cove
Intertidal. DCPP, 1974-1977. (Horizontal dotted line represents the
cumulative mean for all seasons. A percentage axis is provided for
reader convenience).
-153-
n=3690
arc-sine
degrees
..., I-
SO- n=36
70- n=36
n=36
;- 60- n=36
n=36
SO-
l-
40
.- 30- - ~ - ~-----~ ~---~------ ------ 10-__ -- - ----- --
t- -1 I-20- l
10-
I
25
%
50
75
100
"-
CI.I
>
Q
(,,)-
W
74-75
S
75
W
75-76
S
76
W
76-77
S
77
Season
Figure 18. Seasonal means, 95% confidence intervals, and ranges of arc-sine
values of Phyllospadix spp. cover at South Diablo Cove Intertidal.
DCP?, 1974-1977. (Horizontal dotted line represents the cumulative
mean for all seasons. A percentage axis is provided for reader
convenience).
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Figure 19. Regression analysis of relationship bet~een Phy110spadix cover and
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1974-1977. (All sampling periods combined).
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soft algae from North Diablo Cove Intertidal. (Horizontal dotted
line is cumulative biomass mean for all six sampling periods).
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Figure 21. Relative composition of soft algal species at North Diablo Cove
Intertidal random O.25-m2 quadrats. DCPP, 1974-1977.
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Figure 22. Seasonal biomass means and standard errors of
Gastroclonium coulteri, Gigartina caniculata,
lanceolata from North Diablo Cove Intertidal.
Iridaea complex,
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Figure 23. Seasonal biomass means and standard errors of Gigartina complex,
Cryptopleura spp., Microcladia coulteri, Hymenena spp. from North
Diablo Cove Intertidal. DCPP, 1974-1977.
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Figure 24. Seasonal biomass means and standard errors of Botryoglossum
farlowlanum, Rhodoglossum roseum, Gigartina papillata, Neoagardlella
balleyl, and Hymenena flabeiligera from North Diablo Cove Intertidal.
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Figure 25. Seasonal means, 95% confidence intervals, and ranges of arc-sine
values of articulated coralline algae at North Diablo Cove Intertidal.
DCPP, 1974-1977. (Horizontal dotted line represents the cumulative
mean for all seasons. A percentage axis is provided for reader
convenience).
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Figure 26. Seasonal means, 95% confidence intervals, and ranges of Phyllospadix
spp. cover at North Diablo Cove Intertidal. DCPP, 1974-1977.
(Horizontal dotted line represents the cumulative mean for all
seasons. A percentage axis is provided for reader convenience).
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Phyllospadix cover (arc-sine values)
Regression analysis of relationship between Phyllospadix cover and
soft algal biomass at North Diablo Cove Random Intertidal. O.25-m2
quadrats. DCPP, 1974-1977.
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Figure 28. Means, 95% confidence intervals, and ranges of seasonal biomass of
soft red algae from North Control Intertidal. DCPP, 1974-1977.
(Dotted horizontal line is cumulative mean for all six sampling
periods).
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Figure 29. Relative composition of soft algal species at North Control Inter-
tidal random O.25-m2 quadrats. DCPP, 1974-1977.
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Figure 30. Seasonal biomass means and standard errors of Iridaea complex,
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Figure 32. Seasonal means, 95% confidence intervals, and ranges of arc-sine
values of articulated coralline algae cover at North Control
Intertidal. DCPP, 1974-1977. (Horizontal dotted line represents the
cumulative mean for all seasons. A percentage axis is provided for
reader convenience).
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Figure 33. Regression ana~sis of relationship between articulated coralline
algae cover and soft algal biomass at North Control Random Intertidal.
O.25-m2 quadrats. DCPP, 1974-1977.
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Figure 34. Seasonal means, 95% confidence intervals, and ranges of arc-sine
vaDles of P 1108 adix spp. cover at North Control Intertidal. ncpp,
1974-1977. Horizontal dotted line represents the cumulative mean
for all seasons. A percentage axis is provided for reader
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Figure 35.
Phyllospadix cover (arc-sine values)
Regression analysis of relationship between Phyllospadix cover and
soft algal biomass at North Control Random Intertidal. O.25-m2
quadrats. ncpp, 1974-1977.
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Figure 37. Seasonal abundance (means and standard errors) of Pugettia producta
and Pugettia richii/gracilis at Diablo Point Intertidal. DCPP.
1973-1977.
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Figure 38. Seasonal abundance (means and standard errors) of Fissurella volcano,
Acmaea spp., and Tonicella lineata at Diablo Point Intertidal. nepp,
1973-1977.
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Figure 39. Seasonal abundance (means and standard errors) of Tegula brunnea and
Serpulorbis squamigerus at Diablo Point Intertidal. Depp. 1973-1977.
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Figure 40. Seasonal abundance (means and standard errors) of Henricia leviuscula
and Leptasterias spp. at Diablo Point Intertidal. DCPP. 1974-1977.
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Figure 41. Seasonal abundance (means and standard errors) of Pisaster ochraceous
and Strongylocentrotus purpuratus at Diablo Point Intertidal. DCPP,
1973-1977.
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Figure 42. Seasonal abundance (means and standard errors) of Pugettia producta
and Pugettia richii/gracilis at Diablo Point Intertidal. DCPP.
1974-1977. .
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Figure 43. Seasonal abundance (means and standard errors) of Fissurella volcano,
Acmaea 81'1'., and Tonicella lineata at South Diablo Cove Intertidal.
DCPP, 1974-1977.
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Figure 44. Seasonal abundance (means and standard errors) of Tegula brunnea and
Tegula funebralis at South Diablo Cove Intertidal. DCPP, 1974-1977.
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Figure 45. Seasonal abundance (means and standard errors) of Henricia leviuscula
and Leptasterias spp. at South Diablo Cove Intertidal. OCPP.
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Seasonal abundance (means and standard errors) of Strongylocentrotus
purpuratus at South Diablo Cove Intertidal. DCPP, 1974-1977.
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Figure 47. Seasonal abundance (means and standard errors) of Pugettia producta
and Pugettia richii/gracilis at North Diablo Cove Intertidal. Depp.
1974-1977.
'-
-
--183'·'
Fissurella volcano
T5 T
6
12 ~r n=36
n;;36-+ +
I
W S W S W S
74-75 75 75-76 76 76-77 77
Acmaea spp.
Figure 48. Seasonal abundance (means and standard errors) of Fissurella volcano,
Acmaea spp., and Tonicella lineata at North Diablo Cove Intertidal.
DC?P, 1974-1977.
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F1gt1re 49. Seasonal abundance (means and standard errors) of Tegula brunnea and
Tegula funebralis at North Diablo Cove Intertidal. DCPP, 1974-197"T.
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Figure 56. Seasonal abundance (means and standard errors) of Strongylocentrotus
purpuratus at North Control Intertidal.
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abalone (Haliotis cracherodi) at random intertidal parallel transects
at Diablo Point, South Diablo Cove, North Diablo Cove, and North
Control. DCPP, 1973-1977.
( ( ( (
( ( ( (
I
1--'
\D
\D
i
SOC I
~+tt
NCI
n=10 n=9
n=9 n=9 ... n=8 ... n=10
... - ...
n=1
YEAR
nt=3 n=9n-5t+~
n=3
I I I I I I I I
WSW S WSW S
73/74 74 74/75 75 75/76 76 76/77 77
I
WSW S WSW S
73/74 74 74/75 75 75/76 76 76/77 77
.1
o
2
o
2
.3
.5
.4
.1
.5
.4
.3
OPI
.5
'0 '0Q) Q)
0. a.
E E
«I ro(/) en
J - -0 0 n=30 c: n=2 c:a: n=? n=3 n=2 .. n=3 +« +" -+.. ..-0
Z
« I I I I I I I I
I- W S W S W S W Sen
0 73/74 74 74/75 75 75/76 76 76/77 77
Z
<C,
I- en .5 NOCIZo: n=5
::::>0 t~00: .4Uo:zw<C .3w:::E t <1=7 n=9n=9
n=8 n=9 + ++n=9~1 ++ +
I I I I I
W S W S W S W S
73/74 74 711/75 75 75/76 76 76/77 77
YEAR
Figure 64. Levels of abundance (mean number 1m2 and standard errors) of red
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Figure 65. Shell lengths (mean and ranges) of black abalone (Haliotis
cracheroidii) and red abalone (Haliotis rufescens) measured at random
intertidal transects at Diablo Point, South Diablo Cove, North Diablo
Cove, and North Control. DCPP, 1973-1977.
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Figure 66. Levels of abundance (mean number!m2 and standard errors) of black
abalone (Haliotis cracheroidii) at random intertidal perpindicular
transects at South Diablo Cove, North Diablo Cove, and North Control.
DCPP, 1973-1977.
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Figure 67. Levels of abundance (mean number/m2 and standard errors) of red
abalone (Haliotis rufescens) at random intertidal perpindicular
transects at South Diablo Cove, North Diablo Cove, and North Control.
DCPP, 1973-1977.
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SUBTIDAL STUDIES
Study Areas and Their Physical Description
Random Stations
During sampling at random 0.25-m2 quadrats, the substrate type was noted
and recorded. On a few occasions, divers encountered large areas of sand. When
this occurred, the quadrat was moved to encompass rocky substrate. This was done
to decrease variability caused by differing substrate. Divers then estimated
the percentages of sand (~1/811 ), gravel (> 1/8 11 ~ 1/2"), cobble (>1/2" ~ 6"),
boulder (> 6" and movable), and bedrock (any size and immovable) within the
quadrat.
These estimates were totaled and averages were taken for each stuQy area:
North Control (NCr); North Diablo Cove (NDC); and South Diablo Cove (SOC).
South Diablo Cove
This area (Figure 69) contains the greatest amount of sand. There was
approximately 13% sand in quadrats in the 0- 7.6 m (0-25 feet) areas and 12% in
quadrats in the areas 7.7 - 15.2 m (25-50 feet deep) (Figures 70 and 71). Both
shallow and deep areas have trace amounts of gravel. Boulders comprised
approximately 3% of the substrate in shallow areas and 1% in the deeper areas.
Rock was abundant in both shallow areas (77%) and deep areas (85%). South
Diablo Cove has, for the most part, little relief except in shallow areas where
low profile reefs extend from the intertidal to approximately 6.1 m (20 feet). A
smattering of boulders, notably in the southwest corner, provides undercuts
-
-
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which appear to be potential prime abalone habitat. Much of the remaining area
is covered qy broad expanses of sand.
North Diablo Cove
In NDC (Figure 69) rock comprises the major portion of the substrate in
both shallow (85%) and deep (75%) areas (Figures 70 and 71). Shallow stations
had approximately similar amounts of sand (4%), gravel (2%), and cobble (3%)
with boulders comprising 6% of the substrate. Deeper stations had 8% sand, 4%
gravel, 4% cobble, and 9% boulder. Subtidally, NOCI varies between protected
rocky coast, in the area to the lee of Diablo Rock, and exposed rocky coast.
North Diablo Cove contains a series of east-west reefs with large boulders and
patches of sandy gravel.
North Control
North Control (Figure 69) subtidal substrate is quite homogeneous (Figures
70 and 71). At quadrats between 0 and 7.6 m (0 and 25 feet), the substrate is
comprised of 76% rock, 8% boulder, 7% cobble, and approximately 4% gravel, and
4% sand (Figure 70). Deeper areas from 7.7 m to 15.2 m (26 to 50 feet) contain
more rock (89%), less boulder (4%), less cobble (less than 1%), less gravel
(less than 1%), and more sand (7%) (Figure 71).
North Control subtidal can be characterized as exposed rocky coast with low
relief in shallow 0 to 7.6 m (0 to 25 feet) areas and higher relief in deeper
areas.
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Permanent Stations
Diablo Cove
There are six permanent subtidal stations in Diablo Cove (Figure 72). Five
of these (9, 10, 11, 12, 16) were established by Burge and Schultz in 1970
(Burge and Schultz 1973). The sixth station, No.1, was established in 1977.
Station 1 is located on a pinnacle to the south of Diablo Rock. It is
typified by high relief, ranging in depth from 7.7 to 14.6 m (25 to 48 feet).
Primarily solid rock (about 95%), it contains 5% gravel in pockets.
Of the three stations located in what could be termed mid-Diablo Cove,
Station 9 is the shallowest, 4.6 m to 7.9 m (15 to 25 feet), and closest to
shore. It is composed of 85% rock, 5% boulder, and 10% sand. Station 10,
slightly southeast of Diablo Rock, ranges in depth from 12.2 m to 13.7 m (40 to
45 feet). This station was re-estab1ished in 1978 after a two-year hiatus
during which it was not found due to loss of station markers. Comprised mostly
of rock (80%), there is also some sand (10%) and boulder (10%).
Station 11 is our closet permanent station to Diablo Rock, located
immediately to its south in depths between 12.2 m and 13.7 m (40 and 50 feet).
Of our permanent Diablo Cove stations, this has the most sand and gravel (15%
each). Rock (60%) and boulder comprise the remaining susbtrate.
Station 16 located at 3.1 m to 3.4 m (10 to 11 feet) depths in southeast
Diablo Cove. Its substrate is composed of 60% rock, 10% boulder, 20% sand, and
10% gravel.
-
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Station 12 is located just outside Diablo Cove to the southwest of Diablo
Rock at the base of a pinnacle. It is our deepest station, ranging between 19.8
m and 21.3 m (65 and 70 feet). Boulder and rock, approximately 4510 each,
comprise most of the substrate, with sand (10%) present in crevices.
Control Areas
There are three permanent subtidal control stations each in a different area
in the vicinity of Diablo Canyon (Figure 72). Station 6 is located in the
northwest corner of Field's Cove in the lee of Lion and Pup Rocks. It is in
water ranging from 4.3 m to 8.5 m (14 to 28 feet) deep and is comprised of 7010
rock and 30% sand. Station 7 is located at 9.1 m to 10.7 m (30 to 35 feet)
depths in the center of Field's Cove. It is comprised of 10010 rock.
Station 15, in South Cove, is located on a pinnacle and ranges in depth from 4.6
m to 13.7 m (15 to 45 feet). Its substrate is comprised of 8510 rock, with 15%
sand in the deeper cracks and crevices.
One more station in Field's Cove (8) and two more stations in South Cove
(13, 14) were established in 1970 but were lost in storms and not sampled during
this study.
Other than substrate type, the only other Physical parameter we measured was
temperature. In general, our temperature data reflects the results of extensive
work done by PG&E research teams (Warrick in PG&E 1979). The data indicate
seasonal temperature cycles with cooler periods beginning around March, and
warmer periods beginning around June that reach a peak in the fall. A
particularlY warm period was noted from June 1976 through February 1977.
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Random Stations Studies
Red Algae
Methods
A. Field
Surveys of random subtidal stations were conducted once each year from June
through November (Appendix Id).
1. Locating Stations
a. Diablo Cove
Using a bathymetric map of Diablo Cove (PG&E unpublished data), we created
stations by dividing the Cove into blocks measuring 30.5 m (100') on a side
(Figure 73). In order to determine if organism densities were related to depth,
this block grid was then stratified into two depth areas based on the bathy-
metric map: shallow--2.1 to 7.6 m, (7 to 25 ft.) and deep--7.7 to 18.3 m (25 to
60 ft.).
Compass bearings to three known fixed objects on land and locatable on the
map were determined for each station. Each year, station numbers to be sampled
were randomly selected by computer. Alternate stations were chosen if the
location of a station was unsuitable or unsafe for diving. At the time of
sampling the station was located from the boat by triangulation on the compass
bearings with a hand-held compass. A recording fathometer was used to verifY
-'-
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depth of water. When the station was located, and the boat securely anchored,
bottom and surface temperatures were recorded qy a person on the boat, using a
hydrographic thermometer.
Sampling of the random stations was performed by an "arc transect" method
(Figure 14). The procedure for this circular transect was as follows:
(a) two divers swam down the anchor line to the anchor, each carrying a
set of two lines, 3.1 in length, with a snap-swivel at the lines'
origin and lead weights attached to the terminal ends to hold the
lines in place;
(b) the divers attached the lines to the anchor with the snap-swivel and
then each diver placed one of their lines side qy side to mark their
starting point;
(c) each of the second lines were JlDved to form an "arc" or wedge, the
area encompassed depended on conditions such as density of algae cover
and visibility;
(d) divers then counted or recorded presence/absence of the macro-inverte-
brates (10 mm and larger), brown algae, and fish in each wedge;
(e) when each diver completed counts in the first wedge, the starting
point line was moved to mark the next wedge. This procedure was
repeated until the divers met.
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The total area covered b.Y the arcs was a circle of 30-m2 • The counts
were recorded on waterproof paper containing printed lists of plants and
animals. In addition to the counts and abundance estimates, the divers recorded
minimum and maximum depths of the station, estimated type and percentages of
substrate (i.e., sand. gravel, cobble, boulder, or rock) percentage of cryptic
habitat, and estimated water visibility. After the arc transect was completed,
algal abundance was sampled b,y placing a O.25-m2 quadrat on an area of
maximum red algae density. All foliose red algae were removed from within the
quadrat and placed in a mesh bag.
b. Random Quadrat Station
In 1975, we initiated another random subtidal study to quantif,y the common
but smaller invertebrates in Diablo Cove and North Control that were not being
adequately quantified in the 30-m2 arcs. This study was conducted with a
linear 30-m transect along which four O.25-m2 areas were sampled. In 1977,
we began collecting all the foliose red algae within the quadrat.
·At each random station location (coinciding with the "arc" transects) a
weighted 30-m long transect line was placed in either a northerly direction or
parallel to shore, depending on which heading most closely followed a depth
contour. The transect line was marked in one-meter increments. Four random
numbers between one and thirty were pre-selected for each station and these
random numbers were used to locate a metal O.25-m2 quadrat at a corre-
sponding increment. Each diver sampled two quadrat locations, for a total of 4
quadrats along the transect, removing all foliose red algae within the quadrat
and counting all identifiable invertebrates. The algae were placed in mesh bags
-
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containing labels identifying the station and quadrat. Counts were made of all
invertebrates (~10 mm), brown algae stipes, and fish that occurred in the
quadrat.
B. Laboratory
The foliose red algae collected at the subtidal random 30-m2 arcs and
0.25-m2 quadrats were treated the same as the algae discussed earlier in
the Intertidal Macroflora section.
C. Statistical
-
For the red algae collected at areas of maximal biomass within a 30-m2
arc the data were treated simply by calculating the mean dry weight grams of
total biomass per quadrat. Data for the red algae species collected at the
0.25-m2 quadrats along the 30-m transect were analyzed using the
non-parametric Kruskal-Wallis and Mann-Whitney "u" procedures to test the null
hYpotheses 1, 2, and 3 listed in the Objectives section. The Kruskal-Wallis
_ (K-W) test was used to test for differences in biomass distribution by water
depth and to test for differences in biomass abundance between study areas and
between years. The Mann-Whitney "u" test was used to test for differences in
mean grams of biomass per quadrat between the study areas.
For this section of the report, significance is defined at the 5% levels of
significance (p ~ 0.05).
-212-
Results
A. Diablo Cove
1. Random Arc Station
Prior to 1977, when the 0.25-m2 quadrat stations were begun, red algae
were sampled at 30-m2 arc stations Qy removing all foliose red algae from
an O.25-m2 area subjectively chosen as having the densest cover. This
initial study was meant to depict maximal algal abundance and diversit,y and
cannot be compared to the results from the randomly selected 0.25-m2
quadrats.
The total dry weight from each year was converted to mean grams per quadrat
to make comparisons among years (Table 31). The mean weight per quadrat in
Diablo Cove increased from 53.2 g/0.25-m2 in 1974 to a high of 125.0
g/O.25-m2 in 1976 then decreased to 87.9 g per quadrat in 1977.
The species of red algae found in Diablo Cove during this study are
documented in previous reports (Gotshall, et ale 1974; Gotshall et ale 1976;
and Gotshall et ale 1977).
2. Random Quadrat Station
In 1977, the subtidal random quadrat study was started. In that year 50
species of red algae were identified from North Diablo Cove quadrats and 39
species were found in South Diablo Cove (Appendix 5). Fifty-one species were
collected in South Diablo Cove and 33 species were identified from North Diablo
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TABLE 31. Mean Grams of Red Algal Biomass Taken from O.25-m2
Quadrats Placed Within Areas of Densest Algal Growth Inside
30-m2 Arcs in Diablo Cove and North Control. DCPP, 1974-
1977 .
)( Gfams Bi6mass (Dry Weight)
Year Number of Quadrats 0.25-m 2 Quadrat
oi ab 1a Cove
1974 6 53.2
1975 7 44.8
1976 12 125.0
- 1977 19 87.9
North Control
1974 6 148.0
1975 21 110.6
1976 23 164.9
1977 17 132.7
-
-214-
Cove quadrats in 1978 (Appendix 5). Of the species identified in all the study
areas, only eight species or species groups individually comprised more than 1%
of the total red algal biomass (Table 32): Botryoglossum farlowianum!Hlmenena
flabe1ligera complex, Gigartina corymbifera!Q. exasperata complex, Iridaea
cordata v. splendens, Neoptilota densa, Opuntiella californica, Prionitis
lanceolata, Mircocladia coulteri, and Callophyllis pinnata.
Botrologlossum farlowianum and Hlmenena flabelligera were combined into a
complex, for the purpose of our analysis, since the taxonomic characteristics
of these algae intergrade, often making identification at species level
difficult. Abbott and Hollenberg (1976) state that.!I. flabelligera "a very
common species; when very mature and eroded, is difficult to distinguish from
Botryoglossum farlowianum." Both species are found in low intertidal to
subtidal locations (approximately 35 feet) from Vancouver Island, British
Columbia, to San Luis Obispo County, California, with B. farlowianum extending
down to Baja California. This algal complex was the most abundant of all red
algae in Diablo Cove in terms of frequency of occurrence and biomass (Tables 32
and 33). In Diablo Cove, we found significant difference (p ~ 0.01) in
distribution of the complex by depth, with the greatest density occurring
between 11 and 20 feet (Table 34).
At North Diablo Cove stations, this complex averaged 20.8 g (dry weight) per
quadrat (35.2% of the red algal biomass) in 1977 and 28.6 g per quadrat (49.4%
of the red algal biomass) in 1978 (Table 33). The abundance (mean dry weight)
of this complex in NDC was significantly different than in SDC (Table 35).
South Diablo Cove stations averaged 6.5 g in 1977 and 7.7 g in 1978 (Table 33).
This represents 66.4% and 39.9% of the SDC red algal biomass, respectively.
-
-
-
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Percent Fre~uency of Occurrence of th~ Eight Most
Common Al]al S)ecies at R2.ndom O.25-m Quadrats in
North Diablo Cove, South Diablo Cove, and North
Control. DCPP, 1977-1978.
-
% Frequency of Occurrence
North Diablo Coye South Diablo Coye North Control
Both Both Both
Species 1977 1978 Years 1977 1978 Years 1977 1978 Years
Botxyoglossum farlowianuml 85 79 81 62 62 62 92 82 87
Hymenena flabelligera
Gigartina coxymbiferal 56 53 55 6 11 9 33 33 33
exasperata complex
Iridaea cordata 44 43 43 6 8 7 11 23 18
v. splendens
Neoptilota densa 23 2 12 16 30 23 20 45 34
opuntiella californica 44 15 28 12 16 14 34 23 28
Prionitis lanceolata 31 28 29 6 14 10 16 13 14
"-
Microcladia coulteri 54 74 65 16 27 22 32 54 48
Callophyllis pinnata 26 15 20 3 8 6 15 22 19
Total Number of 39 47 71 32 37 84 79 94 173
Quadrats Sampled
TABLE 33.
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Mean Grams of Alsal Biomass (Dry Weight) per Random
O.25-m 2 Quadrats and PercentaJe ComDosition of Biomass
by Study Area for Eight Speci~s of ~lgae at North
Diablo Cove, South Diablo Cove, and NOrth Control
Random O.25-m 2 Quadrats. DCPP, 1977-1973.
-
'-'
North Diablo COVI South Diablo Co.. North Control
Spoel.. 1977 1918 1977 1918 1977 1978
i gat x of HOC i :a-I S of HOC i 9(j-i S of soc i ~., S of SOC i 5;:., lof NC i :ar., S ofNCqUI ra biOflISS qu ra bl..... qua r. bl..... qu a bl...ss qu a bl..... qU I bl.....
Bocr'logJo.....IHlJtIt- 20.8 3S.2 28.6 a9.4 6.5 66.a 1.1 39.9 aa.2 65.5 39.8 64.3
nen. e_le.
G,g.uc.i./llI cory.bJr.rM 20.1 34.9 11.8 30.6 0.1 <1.0 5.5 28.8 la.O 20.7 9.3 \5.0
eJf••perICI
Irid••• cordata Y. 5.5 9.2 1.0 1.6 0.1 1.5 0.2 1.2 La 2.1 2.2 3.5
splend.,..
Neopu lata a.... 0.1 1.2 <0.1 <1.0 0.5 a.8 1.2 6.2 1.2 1.7 2.0 3.2
opt.tntidUa 1.0 1.1 0.2 <1.0 0.7 7.1 0.3 1.4 1.5 2.3 0.9 1.5
californJcl
Prioniti. l~hc. 1.7 2.9 loS 2.6 <0.1 <1.0 0.5 2.7 0.7 1.1' 0.2 <1.0
0.6 1.0 2.2 3.1 ~D.I <1.0 0.6 l.7 0.4 d.O O.a <1.0 -:·l.icrocladi:l coulteri
CallophlJlJU pinnae. 0.9 0.6 0.1 1.2 LO.\ <1.0 <0.1 <1.0 0.8 I.a 0.6 1.0
rotal 81..... (Dry 59.3 58.3 9.8 19.2 67.5 62.0
weight) por Quadrlt
(InclucllS III species)
N_r of Quadrlts 39 47 32 32. 79 94
S.... I.d
( ( ( (
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TABLE 35. Results of Kruska1-Wa11is Tests for Significant
Differences in Algal Biomass (Dry Weight) Abundance
Between Study Areas for Eight Species of Algae at
Random 0.25-m 2 Quadrats. DCPP, 1977-1978.
North Diablo Cove North Control North Control
vs. vs . vs .
Species South Diablo Cove Diablo Cove North Diablo Cove
-./
Botryog1ossum/
Hymenena complex 0.000** (NDC) 0.000** (NC) 0.000** (NC)
Gigartina corymbifera/
exasperata complex 0.000** (NDC) 0.999 0.003** (NDC
Iridaea cordata
V. splendens 0.000** (NDC) 0.063 0.000** (NDC)
-
Neopti1ota densa 0.063 0.000** (NC) 0.000** (NC)
Opuntie11a ca1ifornica 0.077 0.080 0.535
Prionitis 1anceo1ata 0.002** (NDC) 0.081 0.002** (NDC) -
Microcladia coulteri 0.000** (NDC) 0.677 0.001** (NDC)
Ca11ophy11is pinnata 0.009** (NDC) 0.186 0.170
+ = Significance level ( p ~ 0.05)
** = Significance level ( p !::: 0.01)
(NDC) = Indicates greater abundance in North Di ab 10 Cove
(SDC) = Indicates greater abundance in South Diablo Cove
( NC ) = Indicates greater abundance in North Control
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Gigartina corymbifera and Q. exasperata were also combined into a complex
for our analysis due to the difficulty in identifying juveniles and more mature,
eroded specimens. The two species co-occur over most of their ranges: ~.
corymbifera ranges from Washington to Cabo San Quintin, Baja California, down to
30 m and Q. exasperata, which is found to 20 m, ranges from Vancouver Island,
British Columbia, to Punta Maria, Baja California (Abbott and Hollenberg 1976).
In Diablo Cove Kruska1-Wal1is tests indicated no significant differences in
depth distribution (Table 34).
At North Diablo Cove stations, this complex averaged 20.7 g (dry weight) per
quadrat in 1977, which represented 34.9% of that area's red algal biomass. In
1978, a mean of 17.8 g per quadrat was found, representing 30.6% of the biomas
(Table 33). South Diablo Cove stations were significantly difference (p ~ 0.01)
in Gigartina complex abundance (Table 35). In 1977, this complex comprised less
than 1% of South Diablo Cove's red algal biomass. However, in 1978 this figure
reached 28.8%, or 5.5 g per quadrat (Table 33).
Iridaea cordata v. splendens, a low intertidal to subtidal (7 m) species,
ranges from Queen Charlotte Island, British Columbia to northern Baja Californa
(Abbott and Hollenberg 1976). Although it was most common in shallow depths, it
demonstrated no significant differences in density by depth at Diablo Cove
stations (Table 34). North Diablo Cove averaged 5.5 g (dry weight) in 1977 and
1.0 g per quadrat in 1978. This represents 9.2% and 1.6%, respectively, of the
red algal biomass (Table 33). South Diablo Cove stations had significantly
lower mean abl1ndances of Iridaea cordata v. splendens than NDC stations (Table
35). The mean dry weight at SOC quadrats was 0.1 g (1.5% of the biomass) in
1977 and 0.2 g (1.2% of the biomass) in 1978 (Table 33).
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Neoptilota densa is a low intertidal to subtidal species (to 15 m), found
from Tomales Bay, California, to Bahia Rosario, Baja California (Abbott and
Hollenerg 1976). Probably due to low amounts found at either Stratum there were
no significant depth distribution differences in Diablo Cove; however, it was
only found at 20 feet and shallower (Table 34). !. densa averaged 0.7 g (1.2%
of the red algal biomass) per quadrat at NDC stations in 1977, but dropped to
less than 0.1 g (less than one percent of the biomass) in 1978. At SDC
stations,!. densa averaged 0.5 g (4.8% of biomass) per quadrat in 1977 and 1.2
g (6.2% of the biomass) in 1978 (Table 33).
!. densa was one of only three species to demonstrate a significant
difference (p ~ 0.05) in abundance between years; more was found in 1978 than
in 1977 (Table 36). This may be a statistical artifact due to the relatively
low abundance and not reflective of the real conditions.
Opuntiella californica is a mostly subtidal (to 30 m) red alga found from
Alaska to Punta Santo Tomas, Baja California (Abbott and Hollenberg 1976). In
the Diablo Canyon study areas, it appears to be strictly subtidal. It was
found to be significantly (p ~ 0.05) distributed by depth. The greatest amount
was found between 51 and 60 feet (Table 34). In both North Diablo Cove
stations and South Diablo Cove stations there was a decrease in abundance frOm ~
1977 to 1978 (Table 33) •.~t NDC quadrats, O. californica decreased from 1.0 g
per quadrat (1.7% of the biomass) in 1977, to 0.2 g per quadrat (less than 1.0%
of the biomass) in 1978. In SDC the situation was similar, with Q. californica
declining from 0.7 g per quadrat (7.1% of the biomass) in 1977 to 0.3 g (1.4% of
the biomass) in 1978. There was no statistically significant difference in
-221-
-
abundance between NDC and SDC quadrats (Table 35). There is, however, a
significant (p ~ 0.05) difference in abundance between years (Table 36).
Prionitis lanceolata occurs on rocks from the mid-intertidal to subtidal
(30 m) and ranges from Vancouver Island, British Columbia to Punta Santa
Rosalia, Baja California (Abbott and Hollenberg 1976). No significant
difference in distribution by depth was found in Diablo Cove, although it was
found only at 30 feet and shallower (Table 34). There was, however, a
significant difference in abundance between NDC and SDC stations (Table 35).
North Diablo Cove stations averaged 1.7 g (dry weight) per quadrat in 1977
and 1.5 g per quadrat in 1978, comprising 2.9% and 2.6%, respectively, of the
red algal biomass. f. lanceolata was relatively scarce at SDC quadrats in
'-- 1977, averaging less than 0.1 g and 1% of the biomass per quadrat. In 1978,
SDC quadrats averaged 0.5 g dry weight, which made up 2.7% of the biomass
(Table 33).
Microcladia coulteri is epiphytic on several species of large red algae and
occasionally on large brown algae. It is found from the mid-intertidal to
subtidal (10 m) and ranges from Vancouver Island, British Columbia, to Baja
California (Abbott and Hollenberg 1976). In Diablo Cove, no significant
difference in abundance by depth was found, although it was not found deeper
than 40 feet (Table 34). There was, however, a significant difference in
abundance betwen NDC and SDC stations (Table 35). North Diablo Cove quadrats
averaged 0.6 g in 1977 and 2.2 g in 1978. This represents 1.0% and 3.7%,
respectively, of the red algal biomass in NDC. South Diablo Cove quadrats
averaged less than 0.1 g (less than 1.0% of biomass) per quadrat in 1977, and
0.6 g (3.7% of biomass) per quadrat in 1978 (Table 33). At Diablo Cove
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stations more M. coulteri was fmlnd in 1978 than in 1977, and this difference
between years was significant (Table 36).
Callophyllis pinnata is found from the low intertidal to upper subtidal and
ranges from Washington to Baja California (Abbott and Hollenberg 1976). In
Diablo Cove we found no significant differences in abundance by depth, although
none was found deeper than 40 feet (Table 34). In South Diablo Cove quadrats,
the mean dry weights were less than 0.1 g in both 1977 and 1978 (Table 33).
There was a significant (p ~ 0.01) difference in abundance betwen North Diablo
Cove and South Diablo Cove (Table 35). The mean grams per quadrat were greater
in North Diablo Cove with 0.9 g per quadrat in 1977 and 0.7 g per quadrat in
1978. This comprised 1.6% (1977) and 1.2% (1978) of the NDC red algal biomass.
The SDC figures for both years represented less than 1% of that area's biomass
(Table 33).
B. North Control
1. Random Arc Station
The total dry weight of red algal biomass collected from within 0.25-m
quadrats placed in areas of maximum algal biomass and diversity at North
Control ranged from a low of 110.6 g per quadrat in 1975 to a high of 164.9 g
per quadrat in 1976 (Table 31). These results are not comparable to the
weights obtained from the random quadrat studies since the sampling methods
differ.
2. Random Quadrat Station
'-
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TABLE 36. Results of Kruska1-Wa11is Tests for Significant
Differences in Algal Biomass Abundance Between Years
1977 and 1978 for All Study Areas Combined for Eight
Species of Algae at Random 0.25-m 2 Quadrats. DCPP,
1977-1978.
Species
Botryoglossum Hymenena
Gi2artina/corymbifera
exas~erata complex
Iridaea cordata
V. sp1endens
Neopti1ota densa
Opuntie11a ca1iforntca
Prionitis 1anceo1ata
Microc1adia cou1teri
Ca11ophy11is pinnata
1977 vs. 1978
G.158
0.906
O. 190
0.050*(1978)
0.014*(1977)
0.810
0.001** (1978)
0.427
-
) = Indicates the year with the greatest abundance
* = Significance level (p S 0.05)
** = Significance level (p ~ 0.01)
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North Control stations yielded 34 species of red algae in 1977 and 46
species in 1978 (Appendix 5).
Botryoglossum farlowianum and Hymenena flabelligera complex, as in Diablo
Cove, comprised the most frequently observed algae in our samples (Table 32).
The dry weight of this species group formed the greatest portion of the total
biomass of all the species (Table 33). In 1977, the~. farlowianum and H.
flabelligera complex averaged 44.2 g dry weight per quadrat. This was 65.5% of
the red algal biomass of North Control. The average dry weight in 1978 was
39.8 g which represented 64.3% of the biomass. These figures were
significantly (p ~ 0.01) different (higher) from the means of the same species
in North Diablo Cove and Diablo Cove (Table 35).
The depth/density differences noted in Diablo Cove were also seen in North
Control stations. We found significant difference (p < 0.01) in abundance Qy
depth at NC stations (Table 34). Greater amounts were found at quadrats
between 1 and 20 feet in depth.
Gigartina corymbifera and~. exasperata averaged 14.0 g dry weight per
quadrat in 1977 and 9.3 g per quadrat in 1978 (Table 33). This represented
20.7% and 15.0% respectively, of the North Control red algal biomass. This
complex of algae was second in abundance only to the Botryoglossum
farlowianum/Hymenena flabelligera complex.
At North Control stations in contrast to Diablo Cove, there was a
significant difference (p ~ 0.01) in abundance Qy depth (Table 34). Shallower
quadrats contained greater amounts of Gigartina corymbifera/~. exasperata
biomass than deeper stations.
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Iridaea cordata v. splendens comprised 2.1% of the red algal biomass (1.4 g
dry weight per quadrat) in 1977 and 3.5% (2.28 per quadrat) in 1978 (Table 33).
There was no significant difference in distribution Qy depth at NC stations
although most of the algae was found in the first 20 feet (Table 34).
Neoptilota densa increased from 1.2 g per quadrat (1.7% of the red algal
biomass) in 1977 to 2.0 g per quadrat (3.2% of the biomass) in 1978
(Table 34).
Opuntiella californica, which comprised 2.3% of the red algal biomass in
North Control in 1977 and 1.5% in 1978 (Table 33), demonstrated statistically
significant differences (p ~ 0.01) in distribution Qy depth (Tabler 34). At
North Control stations, O. ca1ifornica was most abundant between 31 and 50
feet. The mean dry weight per quadrat decreased from 1.5 g in 1977 to 0.9 g in
1978.
Prionitis 1anceo1ata comprised 1.1% of the red algal biomass at North
Control stations in 1977 and less than 1% in 1978. The mean dry weight per
quadrat was 0.7 g in 1977 and 0.2 g in 1978 (Table 33).
Microcladia coulteri comprised less than 1% of the red algal biomass at
North Control stations (Table 33). It was found to have significant
differences in abundance by depth at North Control (Table 34).
Callophyllis pinnata had a mean dry weight per quadrat at North Control
stations of 0.8 g in 1977 and 0.6 g in 1978. This represented 1.2% and 1.0% of
the red algal biomass, respectively (Table 33). This species was found to be
significantly distributed by depth in North Control (Table 34).
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C. Comparison of Study Areas
1. Random Arc Station
The mean biomass (grams dry weight) for quadrats placed in areas of maximal
abundance and diversity was higher in North Control than in Diablo Cove for all
years (Table 31)
2. Random Quadrat Station
Botryoglossum farlowianum/Hymenena flabelligera. This species group was
the commonest in terms of percent frequency of occurrence in both Diablo Cove
and North Control (Table 320. There were significant (p ~ 0.01) differences in
overall abundance between North Control and Diablo Cove (Table 35). There were
also significant differences in abundance b,y depth at both study areas.
Gigartina corymbifera/G. exasperata. There was no significant difference
in abundance between North Control and Diablo Cove (South Diablo Cove and North
Diablo Cove combined), though there was a significant (p ~ 0.01) difference in
abundance between North Conro1 and North Diablo Cove (Table 35). This complex,
had a significant (p ~ 0.01) difference in abundance by depth at North Control
but not at Diablo Cove (Table 34).
Iridaea cordata v. splendens. North Diablo Cove had significantly (p ~
0.01) different amounts (greater) of biomass of this species than North
Control, however, when South Diablo Cove and North Diablo Cove were combined,
then compared to North Control, there were no significant differences between
Diablo Cove and North Control (Table 35).
-'
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Neoptilota densa. Significantly different amounts of this species were
found when North Control and Diablo Cove were compared (Table 35). North
Control yielded higher means of dry weight per quadrat (Table 33).
Opuntiella californica. There was no significant difference in abundance
between North Control and Diablo Cove (Table 35).
Prionitis lanceolata. While there was no significant difference in
abundance of P. lanceolata between North Control and the combined Diablo Cove
stations, there was a significant (p ~ 0.01) difference in abundance between
North Control and North Diablo Cove (Table 35).
Microcladia coulteri. There was no significant difference in abundance of
M. coulteri between North Control and Diablo Cove; however, there was a
significant (p ~ 0.01) difference between North Control and North Diablo Cove
(Table 35). This alga was found to have a significant (p ~ 0.01) difference of
amounts of biomass by depth in North Control but not in Diablo Cove
(Table 34).
Call0phyllis pinnata. Abundance in grams dry weight per quadrat was
similar at both North Control and Diablo Cove stations. There was no
statistically significant difference in abundance between North Control and
Diablo Cove (Table 35). There was no difference statistically in abundance by
depth in Diablo Cove but there was this difference by depth in North Control
(Table 34).
)TABLE 37.
)
Summary of Statistical Tests for Significant Differences in Abundances for Eight Species
of Red Algae at Subtidal Random Quadrat Stations by Comparison of Study Areas, Over Time,
and By Depth. DCPP, 1977-1978.
rWLL HYPOTHESES
Comparabi 1i ty of
Study Areas
2
Temporal Stability of
Study Areas
3
Comparability of
Depth Distribution
SPECIES
Botr'jog losswn/
H:Jrn:::n.::;r.;;:. jLu.b2 ZZi:.icJ1'C!
Gigartina corjrrbifr:;ra/
exasperata complex
Iridaea cordata
v. sp lendens
,'Ieopti lota densa
O?untiella californica
Prionitis lanceolata
~ncrocladia coulteri
Callophyllis pinnata
SOC vs. NOC
R
R
R
R
R
R
DC vs. rJC
R
R
1971 vs. 1978
R
R
R
DC
R
R
NC
R
R
R
R
R
I
rv
rv
co
I
(
R = rejection of null hypothesis
.J
(
)
<- (
)
{
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Discussion
Results of our sampling indicate that North Control has a greater abundance
of red algae than Diablo Cove. It is also clear that North Diablo Cove is
significantly richer, in both red algae biomass and species diversity, than
South Diablo Cove. These differences possibly result from the differences in
habitat between the areas. North Control has a higher percentage of rock than
Diablo Cove, thus providing more substrate for red algal growth. South Diablo
Cove, particularly, has a higher percentage of sand and gravel which reduces,
proportionately, the amount of favorable substrate for saxicolous algae. The
higher amount of sand in South Diable Cove also contributes to increased
turbidity and scouring, especially during periods of rough seas, further
contributing to lower algal diversity and abundance.
The differences in red algal biomass between North Control and Diablo Cove
and between North and South Diablo Cove violate the null hypothesis for
comparability of study areas (Table 37). However, this should not diminish
algae's usefulness in assessing possible effects of power plant operations.
Despite differences in speciation, the stability of each area, reflected Qy the
similarity of the biomass between years, (Table 36) establishes them as points
for future comparison.
Differences in species diversity between the areas are more difficult to
assess. It is a generally recognized ecological principle that in most
communities a small percentage of species are usually very abundant, either in
terms of numbers or of biomass, and a large percentage are rare. It is these
numerous, rarer species that contribute to high species diversity in a
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community. Both Diablo Cove and North Control fit well into this pattern. In
both of these areas, a few species, or complexes of species, comprise a ve~
large percentage of the biomass. However, these two study areas are different
with respect to speciation. The differences between the areas are, perhaps,
functions of several factors. Odum (1971) states "species diversity tends to
be low in physically controlled ecosystems and high in biologically controlled
ecosystems" and that physically controlled ecosystems are "subject to strong
physiochemical limiting factors." Several such factors rDB'3" be extant in our
study areas, particularly in South Diablo Cove. Diablo Cove, protected as it
is in the lee of Diablo Rock, is observably less subject to the vagaries of
current and wave shock than North Control which is a more exposed outer coast.
South Diablo Cove, more exposed than North Diablo Cove during parts of our
sampling periods, is also more subject to the problems of sediment, mentioned
above, that are less obvious in North Diablo Cove or North Control. Also, due
to the gyre conditions that are sometimes present in South Diablo Cove, warmer
water my "stack up" in the area. South Diablo Cove, from our earliest
observations, has been an area of lower species diversity than NDC or NC, most
likely because it is, in large part, a physically controlled ecosystem.
The most diverse area we sampled, in terms of red algal speciation, was
North Diablo Cove. North Control, to a lesser degree, also shows greater red
algal species diversity than South Diablo Cove. Ecologically, diversity is
usually higher in most "established" communities and lower in most younger
communites. However, the relatively recent removal of major herbivores, sea
urchin and abalone, by sea otters, and the subsequent increase in
canopy-forming brown algae, such as Laminaria and Pterygophora in Diablo Cove,
indicate that this area is in flux (Table 37). Whether the red algae community
-'
-
-
--
-
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living under the canopy will change, is a matter of conjecture. Such changes
~ have occurred previous to our intentive red algae sampling program.
The significant difference in amounts of biomass b,y depth apparently
violates another null hypothesis, that of no difference in sample mean
densities between depths (Table 37). However, it is to be expected that each
species has its optimum range from for growth and the distributional patterns
established for red algal species in our pre-operational studies would provide
adequate basis for comparison with operational results.
Brown Algae
Methods
A. Field
Surveys of subtidal brown algal numbers were conducted each year from June
through November at both the 30-m2 arc and O.25-m2 quadrat stations.
The methods of locating and sampling at the arc and quadrat stations has been
detailed in the Field Method for subtidal red algae.
Stipes (thick, stem-like structures that bear blades) of Pterygophora
californica, Laminaria dentigera, and Nereocystis luetkeana were counted if
they occurred within the area c.overed by the 30-m2 arc or the O.25-m2
quadrat.
A third method of quantifying Nereocystis luetkeana plants was begun in
1975. As the 30-m long transect line was laid out for the random O.25-m2
quadrats, all Nereocystis stipes observed within 1 meter to either side of the
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of the line were counted along the entire lenght of the line. The total area
covered was 60 m2 •
B. Statistical
The objectives of the brown algae study were to test the null nypotheses 1,
2, and 3 listed in the Objectives section.
For the 30-m2 arc stations the non-parametric Kruskal-Wallis test was
used to determine if there were significant differences in the mean counts over
time at each study area and to test for significant differences in depth
distribution. To detect significant differences in mean counts per station
between the study areas a Mann-Whitney test was used.
Data from the 0.25-m2 quadrats were treated in a manner similar to the
arc station data. Mean counts of the brown algae were subjected to a
Kruskal-Wallis analysis to determine if there were significant differences
between years. The Mann-Whitne,y test was used to detect significant
differences between study areas.
The counts along the 30-m transect line (60 m2 area) were converted to
mean numbers per station and a Mann-Whitney ''D'' test was used to determine if
there were significant differences in abundance between Diablo Cove and North
Control.
For the subtidal brown algae section, significance is defined at the 1-5%
levels of significance (p < 0.05). Sampling effort (number of stations or
quadrats surveyed) is presented in Appendix ld.
-
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Results
A. Diablo Cove
1. Random Arc Station
Laminaria dentigera ranges from the Bering Strait to Ensenada, Baja,
California and is found from the lower intertidal to the shallow subtidal in
moderately exposed areas (Abbott and Hollenberg 1976). At Diablo Cove
30-m2 stations there was a significant (p ~ 0.01) change in density from
1974-1977. There were 15.6 stipes per station in 1974 and 142.8 in 1977
(Figure 76, Table 38). Within Diablo Cove, both North Diablo Cove and South
Diablo Cove 30-m2 stations showed significant changes in density from 1974
~ to 1977 (Table 38). Both areas had increases in Laminaria plant numbers. By
depth, there was no significant difference in L. dentigera distribution in
either NDC or SDC 30-m2 arc stations (Table 39). Within Diablo Cove, North
Diablo Cove 30-m2 stations were significantly (p ~ 0.05) different in
density than South Diablo Cove (Table 40); North Diablo Cove arc stations had
more stipes per station than South Diablo Cove.
Pterygophora california occurs from Vancouver Island, British Columbia to
Bahia del Rosario, Baja, California. P. californica is found in water 7 to 20
m deep (Abbott and Hollenberg 1976). Densities at Diablo Cove 30-m2
stations changed significantly (p ~ 0.01) over time from a mean of 23.4 per
(Table 38). An apparent increase in mean number noted at NDC stations was not
found to be statistically significant. P. californica at 30-m2 stations in
South Diablo Cove demonstrated a significant (p ~ 0.05) difference in
distribution Qy depth Which was not noted in North Diablo Cove (Table 39).
TABLE 38. Mean Numbers of Three Species of Brown Algae and Results
of Kruska1-Wa11is Tests for Significant Differences in
Abundance Years at Diablo Cove and North Control Random
30-m2 Arc Stations. DCPP, 1974-1977.
Kruska1-Wa11is
1974- Significance
1977 Among Years
Species Area Mean 1974 1975 1976 1977 1974-1977
Laminaria dentigera Diablo Cove+ 90.8 15.6 90.5 80.0 142.8 .0000**
North Control 17.2 6.0 9.4 21. 3 27.8 .0216*
North Diablo Cove 114.0 32.3 100.7 109.9 172.3 .0111**
South Diablo Cove 68.0 1.3 80.4 50.1 113.2 .0003**
PterY30£hora ca1ifornica Diablo Cove+ 129.4 23.4 131.0 168.8 145.9 .0001** II\.l
W
~
North Control 23.1 10.0 15.6 13.6 48.9 .3289 I
North Diablo Cove 63.3 21.0 52.2 96.3 62.6 .2832
South Diablo Cove 194.0 25.4 209.8 241.2 229.3 .0037**
Nereocystis 1uetkeana Diablo Cove+ 37.6 34.2 86.9 21.4 6.5 .0001**
North Control 4.5 9.4 3.8 5.3 1.3 .9511
North Diablo Cove 53.4 73.5 107.2 34.5 8.5 .0083**
South Diablo Cove 22.2 0.4 66.7 8.3 4.5 .0000**
* Significance level (p ~ 0.05),
** Significance level (p ~ 0.01).
+ Diablo Cove numbers are composed of counts from
South Diablo Cove and North Diablo Cove.
( ( ( ( (
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TABLE 39. Results of Kruskal-Wallis Tests for Significant
Differences in Abundance by Dep~h for Three Species
of Brown Algae from Random 30-m Arc Stations in
Diablo Cove and North Control. DCPP, 1974-1977.
Kruska1-Wallis Depth of
Significance Level Greatest
Species Area (1974-1977 lumped) Density
Laminaria dentigera North Control .0170* 41-50 ft.
North Diablo Cove .0889 +
South Diablo Cove .5021 +
Pterygophora ca1ifornica North Control .0000** 31-40 ft.
North Diablo Cove .6008 +
South Diablo Cove .0422* 21-30 ft.
Nereocystis luetkeana North Control . 0000** 41-50 ft .
'-' North Diablo Cove .2467 +
South Diablo Cove .0316* 21-30 ft.
* Significance level (p ~ 0.05).
** Significance level (p ~ 0.01).
+ No significant difference in density by depth was detected,
therefore there was no one depth with significantly greater
amounts than any other depth.
-
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TABLE 40. Results of Mann-Whitney Tests for Significant Differences In
Abundance of Three Species of Brown Algae Between Study Areas
at Random 3O-m2 Arc Stations. DCPP, 1914-1911.
Specl es
Lamlnarla dentlgera
Mann-Whitney
Significance level
North Diablo Cove
vs.
South Diablo Cove
All Years (1914-11) Combined
.000** (DC)
Mann-Wh I tney
Significance level
01 ab 10 Cove
vs.
North Control
All years (1914-11) Combined
.019* (NDC)
pterygophora callfornlca
Nereocystls luetkeana
.000** (DC)
.000** (DC)
.000** (SOC)
.012* (NDC)
* =Sign If Jcance level (p < 0.05)
** =Significance level (p < o.on
-
(DC) Indicates that higher numbers occurred 1n DI ab I0 Cove
(NDC) Indicates that higher numbers occurred In North Diablo Cove
(SDC) Indicates that higher numbers occurred In South Diablo Cove
--
--
-237-
(Table 38). An apparent increase in mean number noted at NDC stations was not
found to be statistically significant. P. californica at 30-m2 stations in
South Diablo Cove demonstrated a significant (p ~ 0.05) difference in
distribution by depth which was not noted in North Diablo Cove (Table 39).
South Diablo Cove 30-m2 stations for all years combined had
significant~ different (p ~ 0.01) densities (194.0 plants per station) than
North Diablo Cove stations (63.3 plants per station) (Tables 38 and 40).
Nereocystis luetkeana is present from Shumagin Island in Alaska to San Luis
Obispo County, California and is most common north of Carmel, California in
water from 10 to 17 m deep (Abbott and Hollenberg 1976). At Diablo Cove
30-m2 stations there was a significant (p ~.01) change in abundance between
1974, when 34.2 plants per station were counted, and 1977 when there were 6.5
per station (Table 38). A peak of 86.9 per station surveyed was observed in
1975. Within Diablo Cove, both North Diablo Cove and South Diablo Cove
30-m2 stations had significant (p ~ 0.01) changes in density from 1974 to
1977 (Table 38). There was a significant difference in distribution by depth
noted at SDC 30-m2 stations, but not at NDC stations (Table 34). N.
luetkeana densities at 30-m2 stations were significantly different between
NDC and SOC (Table 40).
2. Random Quadrat Station
Laminaria dentigera data collected at 0.25-m2 stations in Diablo Cove
were not separated into North Diablo Cove and South Diablo Cove components for
the purposes of this analysis. No significant change in density through the
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station in 1974 to 145.9 per station in 1977 (Figure 76, Table 38). These
increases occurred principally at South Diablo Cove stations, where densities
increased from 25.4 per station in 1974 to 229.3 per station in 1977
years was noted at 0.25-m2 stations in Diablo Cove (Fiugre 77a, Table 41).
However, a significant difference in depth distribution was noted at these
stations where the greatest concentrations were found between 41 and 50 feet
(Table 42).
Pterygophora californica densities at Diablo Cove 0.25-m2 stations
remained comparatively stable from 1975 to 1978 (Figure 77a, Table 41). There
were also no significant difference in distribution Qy depth at 0.25-m2
stations (Table 42).
Nereocystis luetkeana densities decreased was noted at 0.25-m2 stations
from 0.25 per quadrat in 1975 to 0.06 in 1978 but the change over time was not
statistically significant (Figure 77a, Table 41). There was no significant
difference in depth distribution of N. luetkeana at 0.25-m2 Diablo Cove
stations (Table 42).
3. 60-m2 Transect
The third method of quantifying Nereocystis luetkeana was along a 30-m
transect line from which the 0.25-m2 quadrats were sampled. Counts were
made of all N. 1uetkeana within one meter of each side of the line, for a total
area covered of 60 m2• Densities along these lines dropped from a mean of
114.11 in 1975 to 10.45 in 1978 (Table 43).
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TABLE 41. Mean Numbers per Quadrat of Three Species of
Brown Algal and Results of Kruskal-Wallis Tests
for Differences in Abundance Between Years at
Random 0.25-m 2 Quadrats. DCPP, 1975-1978
Kruskal-WallisSpecies Area 1975 1976 1977 1978 Significance Level
Laminaria Diablo Cove 0.91 1. 21 1. 44 1. 95 1 . 107
dentigera
North Control 0.27 0.91 0.77 0.127
pteryrophora Diablo Cove 0.43 1. 19 1. 49 1. 20 0.367
cali ornica
North Control 1. 04 0.77 0.77 0.056
Nereocystis Diablo Cove 0.25 0.35 0.05 0.06 0.227luetkeana
North Control 0.00 0.07 0.07 0.055
-
= not sampled
-
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TABLE 42. Results of Kruskal-Wa11is Tests for Significant
Differences in Abundance by Depth for Thr2eSpecies of Brown Algae from Random O.25-m Quadrat
Stations in Diablo Cove and North Control. DCPP,
1975-1978.
Species Area
Kruskal-rJall is
Significance Level
(1975-1978 Combined for DC)
(1976-1978 Combined For NC)
Depth Of
Greatest
Density
Laminaria Diablo Cove
.002** 41 - 50 ft.dentigera
North Control .871 t
Pterygophora Diablo Cove .235 t
"'"Californica
N-orth Control .000** 50 - 60 ft.
Nereoaptis Diablo Cove . 175 t
Luetkeana
North Control .006** 41 - 50 ft.
* = Significance level (p ~ 0.05)
**= Significance level (p ~ 0.01)
t = No significant difference in density by depth was detected, therefore
there was no one depth with significantly greater amounts than any other -
depth.
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TABLE 43. Mean Numbers Per Station and Results of Mann-Whitney Tests for
Significant Differences In Abundance In Nereosystls luetkeana Between
Study Areas Along 6Q-m2 Transects. DCPP, 1976-1978.
Mann-Whitney Significance
Level Diablo vs. North
Year Diablo Cove North Contro I Control
1975 114.11
Number of
Stations 8
1976 30.50 5.17 .001**
Number of
Stat Ions 12 12
1977 14.08 1.71 .002**
Number of
Stations 24 21
1978 10.46 13.87 .393
Number of
Stations 24 24
= not samp Iad
** = SignifIcance level (p~ 0.01>
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B. North Control
1. Random Arc Station
Laminaria dentigera densities increased at 30-m2 stations from 6.0 per
station in 1974 to 27.3 in 1977 (Figure 76, Table 38). The change in density
overtime was significant (p 2 0.05). There was also a significant difference
in depth distribution; the greatest concentration was found between 41-50 feet
(Table 39).
Pterygophora californica mean densities increased at North Control
30-m2 stations also, but the apparent increase was not statistically
significant (p ~ 0.05). At 30-m2 arc stations there was a significant
(p 2 0.0.5) depth/density distribution observed with the greatest numbers of
individuals found between 31 and 40 feet (Table 39).
Nereocystis luetkeana declined from 9.4 per 30-m2 station in 1974 to
1.3 per station in 1977 (Figure 76, Table 38). This change, interestingly,
was not statistically significant. At 30-m2 stations N. luetkeana was
found to have a statistically significant depth/densit,y relationship. The
greatest concentration was found between 41-50 feet (Table 39).
2. Random Quadrat Station
Laminaria dentigera at the 0.25-m2 stations in North Control showed no
significant differences in either the densit,y or depth relationships
(Figure 77, Tables 41 and 42).
-
-
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Fterygophora californica decreased in abundance at the North Control
0.25-m2 quadrats, however, this change in density was not statistically
significant (Figure 77, Table 41). There was, however, a significant
difference found in depth distribution with the greatest concentration found
between 51 and 60 feet (Table 42).
Nereocystis 1uetkeana at North Control 0.25-m-2 quadrats did not change
significantly in abundance over the years (Table 11). There was a
statistically significant difference in distribution by depth. The greatest
concentration was found between 41-50 feet (Table 11). These results are
similar to data from the 30-m2 stations.
3. 60-m2 Transect
Along the 60-m2 linear areas surveyed in North Control, Nereosystis
luetkeana decreased in abundance from 1976 to 1977 but increased in 1978
(Table 43).
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B. Comparison of Study Areas
1. Random Arc Station
Laminaria dentigera densities were significantly (p ~ 0.01) different
between Diablo Cove 30-m2 stations and North Control stations when all the
years were combined (Table 40); Diablo Cove stations had more L. dentigera
plants than North Control.
pte~gophora californica was found to occur in significantly (p ~ 0.01)
different densities at the 30-m2 in Diablo Cove than in North Control
(Table 40). The grand mean of ~. californica per 30-m2 station in Diablo
Cove was 129.4 while the grand mean in North Control was 23.1 (Table 38).
Nereocystis luetkeana densities at 30-m2 stations were significantly
different between Diablo Cove and North Control (Table 40). Diablo Cove ha~
greater mean densities of N. luetkeana during all years (Table 38).
2. Random Quadrat Station
Laminaria dentigera at the 0.25m-2 quadrat stations also, there were
significant differences in mean densities of ~. dentigera between Diablo Cove
and North Control for three study years (Table 44); Diablo Cove stations had
higher densities of L. dentigera than North Control.
pte~gophora californica at the 0.25-m2 quadrat stations there were
significant (p ~ 0.05) differences in P. californica densities between Diablo
-
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TABLE 44. Results of Mann-Whitney Tests for Differences in
Mean Density of Three Species of Brown Algal Between
Diablo Cove and North Control at Random 0.25-m2
Quadrats. DCPP, 1976-1978.
Oiablo Cove vs. North Control
Species 1976 1977 1978
Laminaria dentigera .005** (DC) .000** (DC) .000** (DC)
pterygophora californica .045* (DC) .000** (DC) .071
Nereocystis luetkeana .022* (DC) .059 .969
* = Significance level (p ~ 0.05)
** = Singificance level (p ~ 0.0l)
(DC) Indicates that higher numbers occurred in Diablo Cove
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Cove and North Control. During 1976 and 1977, there were higher densitites of
P. californica in Diablo Cove than in North Control (Table 44).
Nereocystis luetkeana at the O.25-m2 quadrat stations Diablo Cove had a
slightly higher rnean number per quadrat in 1976 and 1977 than North Control
(Table 41), but the difference in mean density was only significant in 1976
(Table 44).
3. 60-m2 Transect
Along the 60-m2 linear transects, Nereocystis luetkeana was more
abundant in Diablo Cove than in North Control during 1976 and 1977. The
differences in mean counts per station between Diablo Cove and North Control
were significant for both years (Table 43).
Discussion
The changes in brown algae density noted in Diablo Cove, particularly at
30-m2 arc stations, were reflected, to a lesser degree, in North Control.
In general, Laminaria dentigera and Pterygophora californica increased in
abundance. Nereocystis luetkeana, after a substantial increase in 1975,
decreased dramatically. Diablo Cove had significantly greater numbers of the
three brown algae species than North Control.
The trends exhibited are similar to those noted by Dayton (1975) in his
work on algal canopy interactions in a sea otter dominated kelp community in
Alaska. He found that a large surface canopy-forming alga, Alaria fistulosa,
behaves as a fugitive species with respect to Laminaria and Agarum, which are
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lower canopy-forming species. Fugitive species, as stated by Hutchinson in
Colinvaux (1973), are opportunists, having diverted relatively large amounts of
energy into an apparatus for dispersion, foregoing specializations that would
enable them to make the best use of stable environments. Nereosystis
luetkeana, in the present context, may be considered such a species. Their
diphasic annual reproductive cycle may make them less competitive than
lower-story perennials such as ~. dentigera and P. californica in sea otter-
dominated areas. Dayton (1975) noted that Macrocystis pyrifera in southern
California forms a heavy surface canop,y which may inhibit the growth of
understory species. M. pyrifera, ~. dentigera, and f. californica, being
perennials, may enjoy competitive advagtages when large numbers of major
herbivores are removed.
As mentioned above, North Control had significantly less brown algae than
Diablo Cove. The reduction in foragers of brown algae that occurred in Diablo
Cove also took place in North Control, and this was reflected in a substantial
increase in numbers of f. ca1ifornica and ~. dentigera. However, there was a
very abundant red algal substrate cover (particularly articulated cora11ines)
already extant in North Control which may have reduced the available substrate
for brown alga settling and germination.
Adults of ~. dentigera and f. ca1ifornica may scour nearby substrate as
they respond to water movement and, in dense stands block light from reaching
the bottom. It is possibe that the abundance of those plants now present could
inhibit foliose red algae colonization. It is also possible that Macrocystis
pyrifera may eventually become the dominant brown algae in the study area since
it is a canopy-forming perennial that seems to be highly competitive when free
from urching foraging.
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Statistical analyses were used on subtidal brown algae numbers to test
three null hypotheses: comparability of study areas; temporal stability of
study areas; and comparability of depth distribution. A summary of the results
of these tests is presented (Tables 45 and 46).
Invertebrates
Methods
1. Field
At the 30-m2 arc stations in Diablo Cove and the North Control, located
and worked as described in the red algae methods section, the divers either
made counts or recorded presence of all visible, macro-invertebrates (10 mm and
larger) •
At the 0.25-m2 random quadrats, also described in the red algae
section, all identifiable, visible invertebrates (~ 10 mm) were counted and
recorded.
2. Laboratory
Invertebrates that could not be identified in the field were returned to
the laboratory for identification and either added to our reference collection
or released. Laboratory time was used to transfer field data to computer forms
for key punching.
3. Sta.tistica.l
-
-
- TABLE 45.
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Summary of Statistical Tests for Sisnificant
Differences in Abundance for Three Species of
Alsae at Subtidal Random Arc Stations by Com-
parison of Study Areas, Overtime, and by Depth.
DCPP. 1974-1977.
Null Hypotheses
Species
Comparabil ity _?f
Study Areas'
SOC Ys. NOC DC Y5 NC
2
Temporal Stability
of Study Areas *
1977 Ys. 1978
3
Comparability of
Depth Distribution *
DC NC
-
Botryoglossuml
Hymenena
Gigartina corymbiferal
exasperata complex
Iridaea cordata
Y. Splendens
Neoptilota densa
Opuntiella californica
R
R
R
R
R R
R
R
R
R
R
R
prionitis lanceolata R
Microcladia coulteri
Callophyllis pinnata
R
R
R R
R
-
R = rejection of the null hypothesis
* = All years (1974-1977) Combined
SOC = South Diablo Cove
NDC = North Diablo Cove
DC = Diablo Cove (North Diablo Cove - South Diablo Cove)
NC = North Control
( = Indicates area of most abundance
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TABLE 46. Summary of Statistical Tests for Significant
Differences in Abundance for Three Species of
Algae at Subtidal Random Quadrat Stations by
Comparison of Study Areas, Overtime, and by
Depth. DCPP, 1974-1977.
Null Hypotheses
Comp~rability of
Species Study Areas
DC vs. NC
1976 1977 1978
Laminaria R R R
dentigera
Pterygophora R R
californica
Nereocystis R
luetkeana
2
Temporal Stability
of Study Area
Oe- NC
1975-1978 1976-1978
3
Comparabi 1i ty
of Depth Distribution
1976-1978 Combined
DC NC
R
R
R
R =Rejection of the null hypothesis
DC = Diablo Cove
NC - North Control
( = Indicates area of most abundance
-
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In order to test the four hYpotheses listed in the Objectives section, we
first selected those invertebrate species that occurred most frequently at the
arc and quadrat stations - in general, species that occurred at 25% or m::>re of
the stations in at least one of our study areas were the species selected.
At the 30-m2 arc stations we selected for analysis 11 species; and 13
species from the 0.25-m2 quadrats (Table 47). We tested the data with
standard tests to determine normality of data and to determine whether
parametric or non-parametric tests should be used.
Based on the rationale discussed in the Statistical Analysis section, we
decided that the Kruskal-Wallis test, a non-parametric test, would be the J1X)st
suitable test to analyze the data. All of the analyses were performed on
count-per-station data rather than count-per-area data.
For this section of the report the word "significant" is defined at the 5%
level of probability (p ~ 0.05).
Results
A. Diablo Cove
We began random sampling of the subtidal invertebrate communities in May
1974 utilizing the 30-m2 arc method. These surveys were continued each
summer through 1977. In 1978, we did not survey the random arcs because most
of our time was Llsed to analyze data for this report. In 1975, we
started sampling 0.25-m2 quadrats in Diablo Cove. Eight random quadrat
stations (32 quadrats) were surveyed that year. Sampling at these quadrat
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TABLE 47. List of Species Surveyed at Subtidal Random 30-m 2
Arc and O.25-m 2 Quadrat Stations at Diablo Cove
and North Control. DCPP, 1974-1977.
Species 30-m2 Arcs O.25-m 2 Quadrats
PHYLUM PORIFERA
Tethya aurantia X
PHYLUM CNIDARIA
Anthopleura xanthogrammica X
Balanophyllia elagans X
Epiactis prolifera X
PHYLUM ARTHROPODA
Cancer antennarius X
PHYLUM I~OLLUSCA
,'l\ Acmaea mi tra X
Astraea gibberosa X X
Doriopsilla albopunctata* X X
--'
Haliotis rufescens X X
Homalopoma luridum X
Serpulorbis squamigerus X
Tegula brunnea X
Tonicella lineata X
PHYLUM ECHINODERMATA
Henricia leviuscula X
Patiria miniata X X
Pisaster giganteus X
Pycnopodia helianthoides X -'
Strongylocentrotus. X Xfranc1.scanus
PHYLUM CHORDATA
Styela montereyensis X
* Considered a complex of Doriopsilla albopuncata, Dendrodoris fUlva,
and an undescribed Porostome.
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stations was continued through the summer of 1978. A total of 86 random arc
stations and 272 random qQadrats has been surveyed during our pre-operational
studies in Diablo Cove (Appendix 1d).
During our random surveys, we have observed and identified several hundred
species of invertebrates, but only a fraction of this complex community
occurred frequently enough for statistical analysis. Therefore, our intensive
analysis is limited to eleven species at the arc stations and 13 species at the
quadrats. The 13 quadrat species include five of the eleven species analyzed
for the arc stations. Statistical tables for each of these species are in the
Appendix and include the number of animals counted, the mean per station, the
standard deviation, and the number of stations sampled, by year. The remaining
species are also listed in two types of tables in the Appendix; the first set
of tables (Appendix 6) lists identified species or species groups. For each
species, we list the number of animals counted, mean per stations, and %
frequency of occurrence. There are separate tables for the arc and quadrat
stations, and for each study area, i.e., Diablo Cove, and North Control. The
second set of tables (Appendix 7) contains those animals that we did not count
at each station, but only noted presence or absence; for each of the species we
have calculated the percent fre~lency of occurrence by year for each study
area.
Our analysis and discussion in this report are limited to species quantified at
the arc and qQadrat stations whose frequency of occurrence was large enough for
statistical analysis. The one exception to this is the red abalone,
historically important, but whose densities or frequency of occurrence are now
at such a low level that they can no longer be considered as an important
segment of the animal community in Diablo Cove and the North Control. The
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other animals discussed generally represent all of the major phyla and all
phases of the food web.
The results of analysis for each species are presented in alphabetical
order within each phylum.
PORIFERA
Tethya aurantia
The orange puffball sponge (Figure 77b), occurs from southeastern Alaska to
central Baja California from the intertidal to depths of 53 m (Gotshall and
Laurent 1979). It is the most common large sponge in Diablo Cove. Data
analysis was limited to counts at 30-m2 arcs. At 30-m arc stations, the
numbers per station have ranged from a low of 1.92 to a high of 6.92 in South
Diablo Cove and 1.92 to 3.00 in North Diablo Cove (Figure 78).
When we compared densities, using the Kruskal-Wallis test, at arc stations
between years, there was no significant difference for South Diablo Cove or
North Diablo Cove stations (Tables 48 and 49).
The comparison of densities between depths (3 m depth intervals) for all
years was significant for South Diablo Cove quadrats, but not for North Diablo
Cove quadrats (Tables 48 and 49); Tethya were more abundant at deeper South
Diablo Cove stations (Table 50). However, when the depth was analyzed Or year,
both areas of the Cove yielded significant differences in 1976 (Tables 48 and
49) •
CNIDARIA
-
-'
( ( ( ( (
TABLE 48. Summary of Levels of Significance of Kruska1-Wa11is*
Tests on Invertebrates Quantified at Subtidal Random
30-m2 Arc Stations, South Diablo Cove. DCPP, 1974-77.
Between Between
Years** Depths** Between Depths
Species All Depths Combined All Years Combined 1974 1975 1976 1977
PORIFERA
Tethya aurantia 0.2955 0.0011* 0.1116 0.0539 0.0299* 0.2490
CNlDARIA
Anthop1eura xanthogrammica 0.0925 0.0019* 0.1577 0.2201 0.6758 0.1616
ARTHROPODA
Cancer antennarius 0.6193 0.4877 0.8147 0.8104 0.0369* 0.7842
MOLLUSCA
I
Astraea gibberosa 0.5831 0.1893 0.1798 0.5010 0.2314 0.4535 !'.>U1
U1
Doriopsi11a a1bopunctata 0.8253 0.0542 0.5629 0.4017 0.1772 0.4897 I
Ha1iotis rufescens 0.6642 0.5685 0.7212 0.8442 0.7788 0.8139
ECHINODERMATA
Patiria miniata 0.3800 0.0009* 0.1616 0.1194 0.0415* 0.1606
Pisaster giganteus 0.2312 0.0261* 0.2123 0.0859 0.1536 0.2688
Pycnopodia he1ianthoides 0.6339 0.0216* 0.4979 0.2051 0.7534 0.2251
Strongylocentrotus franciscanus 0.0003* 0.0303* 0.5084 0.0272* 0.1486 0.3108
CHORDATA
Stye1a montereyensis 0.0001* 0.0142* 0.1116 0.3613 0.3892 0.4881
* Significance level (p < 0.05)
** 1974-1977.
TABLE 49. Summary of Levels of Significance of Kruskal-Wal 115* Tests on Invertebrates Quantified at
Subtidal Random 3O-m2 Arc Stations, North Diablo Cove. OCPP, 1974-1977.
Between Between
Years** Depths** Between Depths
Specl es All Depths Combined All Years Combl ned 1974 1975 1976 1977
--
PORI FERA
Tet~ aurantla 0.9618 0.2976 0.9291 0.3635 0.0163* 0.2483
CNIDARIA
Anthopleura xanthogrammlca 0.1496 0.5908 0.3061 0.5781 0.3350 0.6266
ARTHROPODA
Cancer antennarius 0.0975 0.7543 1.0000 0.2486 0.6539 0.4898
I
IV
U1
MOLLUSCA
0'1
I
Astraea glbberosa 0.5135 0.4308 0.1591 0.2748 0.5025 0.3178
Dorlopsll la albopunctata 0.2909 0.3012 1.0000 0.4953 0.0365* 0.2988
Hal lotls rufescens 0.2105 0.7261 1.0000 1.0000 0.0585 0.9476
ECHINODERMATA
Patlrla mlnlata 0.2657 0.1106 0.3425 0.3604 0.0061 * 0.7209
Pisaster glganteus 0.4974 0.4395 0.4578 0.8731 0.2521 0.4711
Pycnopodla hellantholdes 0.2859 0.9325 0.8861 0.9068 0.9333 0.2581
Stro~locentrotus franclscanus 0.0022* 0.7533 0.5258 0.5127 0.1697 0.3536
CHffiDATA
Sty~la montereyensis 0.0012* 0.0042* 1.0000 0.2669 0.0037* 0.0764
* Significance level (p 2. 0.05>.
** 1974-1977.
( ( ( ( (
( ( ( ( (
TABLE 50. Summary of Statistics for Tethya aurantia at Subtidal
Random 30-m2 Arc Stations, Diablo Cove. DCPP. 1974-1977.
Anthopleura xanthogrammica
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Giant green anemones (Figure 77b) are known to range from Alaska to Panama
from the intertidal to depths of 30 m (Gotshall and Laurent 1979). In Diablo
Cove, they are most apt to be found in rocky areas containing sand pockets.
Only the data from 30-m2 arcs were analyzed. Densities varied considerably
at 30-m2 arc stations; they were more abundant at North Diablo Cove arc
stations than at South Diablo Cove arc stations (Figure 79). The
Kruskal-Wallis tests for the 30-m2 stations data indicated there was no
significant difference in densities of giant green anemones between years in
either North or South Diablo Cove (Tables 48 and 49). A comparison of
densities of giant green anemones by 3 m depth intervals indicated a difference
in South Diablo Cove for the combined data; they were more abundant at shallow
stations (Table 51).
Balanophyllia elegans
The orange cup coral (Figure 77b) is the most common of four species of
true stony corals that occur in the Diablo Cove area. The other species we
have observed are Paracyathus stearnsi, Astrangia laJollanensis, Coenocyathus
bowersi. Orange cup corals have been recorded from British Columbia to central
Baja California; from the low intertidal to about 25 m (Gotshall and Laurent
1979). They are most frequently observed in Diablo Cove where there is enough
water circulation to provide plankton for food and prevent siltation. We did
not attempt to count orange cup corals at random 30-m2 stations, but we did
note their presence/or absence (Appendix 7). The highest mean densities at
O.25-m2 quadrats were recorded in 1975 at both South and North Diablo Cove
stations, 13.8 and 17.3, respectively, while the lowest densities overall were
observed in 1976 at SDC quadrats (Figure 80). The Kruskal-Wallis tests
comparing densities between years in South Diablo Cove were not significant;
-
-
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TABLE 51. Summary of Statistics for Anthopleura xanthogrammlca at Subtidal Random 3Q-m2 Arc Stations,
Diablo Cove. DCPP, 1974-1977.
1 9 7 4 197 5 1 976 197 7
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 6 2.00 2.00 3 9 1.80 2.04 5 0 0 6 3.00 1.41 2
w 3.1 - 6.1 m 11 5.50 0.71 2 15 5.00 2.64 3 58 7.25 5.55 8 54 7.71 5.41 7
>
0
<..l
o 6.2 - 9.2 m 0 0 1 1.00 0.00 1 21 7.00 5.57 3 3 3.00 0.00
...J
CD
<
o 9.3 - 12.3 m 8 8.00 0.00 1 3 3.00 0.00 1 2 2.00 0.00 1 1 1.00 0.00
r
I-5 12.4 - 15.4 m 0 1 1 0.05 0.71 2 0 0 1 1.00 0.00
(/l
I
15.5 - 18.5 m 3 3.00 0.00 1 0 0 0 0 0 0 tv111
'-0
cOMB Ir£D DEPTHS 28 3.50 2.83 8 29 2.42 2.39 12 81 6.75 5.24 12 65 5.42 4.96 12 I
0 - 3.0 m 0 0 0 0 0 0 6 6.00 0.00
w 3.1 - 6.1 m 80 20.00 37.34 4 136 19.43 23.25 7 37 6.17 9.41 6 77 15.40 17.41 5
>
0
<..l
- 9.2 m 2 2.00 0.00 1 62 15.50 19.12o 6.2 4 75 12.50 10.78 6 76 19.00 21.56 4
...J
CD
:: 9 3 - 12.3 m 0 1 4 4.00 0.00 1 0 0 7 7.00 0.00o •
r
I- 0 0 0 015 12.4 - 15.4 m 0 0 0 0
z
15.5 - 18.5 m 0 0 0 0 0 0 2 2.00 0.00
COMB INED DEPTHS 82 13.67 30.55 6 202 16.83 20.36 12 112 9.33 10.20 12 168 14.00 16.44 12
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however, this test did yield a significant difference of densities through time
for North Diablo Cove stations (Tables 52 and 53). There was also a difference
in densities when we compared 3-m depth intertidals for all years;
Balanophyllia was more abundant at the mid-depth stations (Table 54).
Epiactis prolifera
Proliferating anemones (Figure 77b) have been reported from Puget Sound,
Washington, to La Jolla, California, in depths from the intertidal to 20 m
(Gotshall and Laurent 1979). In Diablo Cove they are common to abundant on
tops of rocks and on various species of algae. We did not count proliferating
anemones at arc stations because of their small size and large numbers in some
areas. Therefore, the data analysis is limited to the 0.25-m2 quadrats.
The mean density at quadrats in South Diablo Cove increased between 1975 and
1978, but the increase was not significant when tested with the Kruskal-Wallis
test (Figure 81, Table 52). Densities also increased at North Diablo Cove
quadrats from 1975 through 1977, then decreased; these changes in density over
the years were significant (Figure 81, Table 53). Epiactis were significantly
more abundant at shallower quadrats in South and North Diablo Coves when all
years' data were combined (Tables 52, 53, and 55).
ARTHROPODA
Cancer antennarius
Rock crabs (Figure 82) were the only crustaceans that were consistently
observable Qy divers and appeared frequently enough to be counted during our
( ( ( ( (
TABLE 52. Summary of Levels of Significance of Kruskal-Wal Ils* Tests on Invertebrates Quantified at
Subtidal Random 0.25-m2 QUadrat Stations, South Diablo Cove. OCPP, 1975-1978.
Between Between
Years** Depths** Between Depths
Species AI I Depths CombIned All Years Comb Ined 1975 1976 1977 1978
-
CNIDARIA
Balanophyilia elegans 0.0675 0.0000* 0.8017 0.1487 0.0004* 0.0000
Eplactls prollfera 0.0757 0.0000* 1.0000 0.9911 0.0177* 0.0036*
MOLLUSCA
Acmaea mltra 0.0165* 0.7078 0.2049 0.1164 0.8930 0.5243
--- IAstraea glbberosa 0.0014* 0.0988 0.2886 0.1653 0.2030 0.0937 IV
Dorlopsilia albopunctata 0.0006* 0.1124 1.0000 1.0000 0.0104* 0.0896 CT\
Hal lotls rufescens 0.3227 0.7937 1.0000 1.0000 0.7894 1.0000
f-'
I
Homalopoma lurldum 0.0482* 0.0280* 0.4492 0.3922 0.2804 0.1923
Serpulorbls squamlgerus 0.3318 0.0001* 0.1233 0.0095* 0.0676 0.0009*
Tegula brunnea 0.0029* 0.0717 1.0000 0.5173 0.4772 0.1309
Tonlcella Iineata O. 1446 0.0203* 0.7567 0.0598 0.0794 0.7525
ECH INODE~ATA
Henrlcla leviuscula 0.3684 0.8894 0.0639 0.3958 0.4388 0.7571
Patlrla mlnlata 0.0431* 0.0020* 0.5685 0.4857 0.0071* 0.5451
Stronglyocentrotus franciscan 0.0813 0.6560 0.3679 0.3842 0.2722 0.9322
* Significance level (p ~ 0.05).
** 1975-1978.
TABLE 53. Summary of Levels of Significance of Kruskal-Wallls* Tests on Invertebrates QuantltlErl at
Subtidal Random 0.25-m2 Quadrat Stations. lIbrth Diablo Cove. OCPP, 1975-1978.
Between Between
Years** Depths** Between Depths
Species All Depths Combined AI I Years Combl ned 1975 1976 1977 1978
-
CNIDARIA
Balanophyilia elegans 0.0205* 0.0003* 0.3476 0.0079* 0.4418 0.0250*
Eplactls prollfera 0.0292* 0.0007* 0.1251 0.0234* 0.1327 0.1054
MOLLUSCA
Acmaea mltra 0.2389 0.0026* 0.0398* 0.0303* 0.0375*
0.1402
I
---
N
Astraea glbberosa 0.6611 0.4605 0.0377* 0.3496 0.4785
0.7113 mN
Dorlopsilia albopunctata 0.2578 0.3972 0.6026 0.5724 0.0381 * 0.3922
I
Hallotls rutescens 0.3519 0.4538 0.6026 1.0000 0.4278 1.0000
Homalopoma lurldum 0.2569 0.0859 0.4039 0.6802 0.0542
0.1407
Serpulorbls squamlgerus 0.0803 0.2206 0.9377 0.1192 0.4942
0.2558
Tegula brunnea 0.0004* 0.0045* 0.0624 0.4475 0.0993
0.0456*
Tonlcella Iineata 0.0224* 0.0033* 0.0510 0.4323 0.1221
0.2880
ECH INOOE~ATA
Henrlcla levluscula 0.2525 0.0937 0.4085 0.2908 0.4774
O. 1738
Patlrla mlnfata 0.1019 0.0024* 0.1420 0.0408* 0.0242
0.7116
Stronglyocentrotus franciscan 0.2586 0.5588 0.1027 0.7484 0.4909 0.6923
* Significance level (p 2. 0.05l.
** 1975-1978.
( ( ( (
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TABLE 54. Summary of Statistics for Balanophyilia elegans at Subtidal Random 0.25-m2 Quadrat Stations,
Diablo Cove. DCPP, 1975-1978.
197 5 1 976 1 977 1 9 7 8
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 13 2.60 4.21 5 18 1.80 4.40 10 0 2
3. 1 - 6.1 m 0 0 8 0.66 0.98 12 49 2.22 6.29 22 44 1.69 3.70 26
UJ
>
0
<..>
- 9.2 m 89 14.80 19.90 6 54 9.00 11.90 6 163 20.30 19.80 8 27 3.38 2. 77 8o 6.2
...J
al
...:
- 12.3 m 27 13.50 9.20 2 0 46 15.30 22.40 3 169 28.20 26.50;; 9.3 0 6
:I:
t- O 0 0 0 24 12.00 7.00 2 240 40.00 38.10 6 I6 12.4 - 15.4 m tv
<J) 0"1
15.5 - 18.5 m 49 12.30 12.80 4 0 42 14.00 14.20 3 0
w
0 0 I
COMB INED DEPTHS 165 13.80 15.30 12 75 3.30 6.99 23 342 7.13 12.90 48 480 10.00 21.10 48
0 - 3.0 m 0 1 0 7 3 0.60 0.89 5 0
3. 1 - 6.1 m 137 19.60 27.00 7 15 2.11 4. 18 7 128 5.12 7.56 25 69 3.83 7.38 18
UJ
>
0
<..> 6.2
- 9.2 m 153 19.10 12.90 8 90 11.25 11.90 8 79 7.90 12.00 10 208 9.90 19.40 21
0
...J
al
~ 9.3 - 12.3 m 57 14.30 16.20 4 90 45.00 56.60 2 48 12.00 15.80 4 0 0
0
:I:tx 12.4 - 15.4 m 0 0 0 0 16 4.00 8.00 4 252 31.50 26.30 8
0
z
15.5 - 18.5 m 0 0 0 0 0 0 0 0
COMB INED DEPTHS 347 17.3 18.90 20 195 8.12 18.40 24 274 5.70 9.20 48 529 11.00 19.40 48
TABLE 55. Summary of Statistics for Eplactls prollfera at Random 0.25-m2 Quadrat Stations,
Diablo Cove, Diablo Canyon Power Plant Site.
197 5 1 976 1 977 1 9 7 8
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 13 2.60 3.97 5 102 10.20 14.10 10 0 2
3.1 - 6.1 m 0 0 24 2.00 3.90 12 60 2.72 4.38 22 1233 47.42 195.30 26
ILl
>
0
'-' 6.2 - 9.2 m 0 6 18 3.00 4.80 6 1 0.13 0.35 8 31 .3.88 10.50 8
0
..J
lJ:l
~ 9.3 - 12.3 m 0 2 0 0 0 3 0 6
0
::I:
I- 12.4 - 15.4 m 0 0 0 0 0 2 0 6 I:::>0 NVI
0'\
15.5 - 18.5 m 0 4 0 0 0 3 0 0 tl>-
I
COMB INED DEPTHS 0 12 55 2.39 4.00 23 163 3.40 7.79 48 1264 26.33 144.3948
0 - 3.0 m 8 8.00 0.00 1 12 1.71 1.11 7 165 33.00 44.60 5 2 2.00 0.00
ILl 3. 1 - 6.1 m 5 0.71 1.25 7 34 4.86 3.63 7 97 3.88 7.87 25 51 2.83 7.63 18
>
0
'-'
o 6.2 - 9.2 m 4 0.50 1.06 8 10 1.25 2. 76 8 32 3.20 6.30 10 38 1.90 3.18 21
..J
lJ:l
<Ci 9.3 - 12.3 m 0 4 1 0.50 0.70 2 9 2.25 3.20 4 0 0
::I:
I-
~ 12.4 - 15.4 m 0 0 0 0 0 4 0 8
15.5 - 18.5 m 0 0 0 0 0 0 0 0
COMB INED DEPTHS 17 0.85 1.95 20 57 2.38 2.98 24 303 6.31 17.18 48 91 1.94 5.16 47
{ ( ( (
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surveys of 30-m2 arcs. They are known to range from British Columbia to
Magdalena Bay, Baja, California, in depths from the low intertidal to at least
l30-m (Gotshall and Laurent 1979). They were observed throughout Diablo Cove
in areas of rocky substrate, particularly where holes or crevices were large
enough for them to hide in. Only the density data from 30-m2 arcs were
analyzed. The fluctuations between years in mean densities of rock crabs at
south or North Diablo Cove 30-m2 arc stations were not significant
(Tables 48, 49, and 56, and Figure 83).
In South Diablo Cove, there was a significant difference in density of rock
crabs between different depths only during 1976 surveys (Tables 48 and 49).
There was not a significant difference in density for rock crabs between depths
in North Diablo Cove (Table 48).
MOLLUSCA
Acmaea mitra
The white cap limpet (Figure 82) has been reported from the Aleutian Island
to northern Baja, California, from the law intertidal to depths of 30-m
(Gotshall and Laurent 1979). In Diablo Cove, they are commonly observed on
rocks with large areas of encrusting coralline algae. Data analysis was
limited to the O.25-m2 quadrat stations as Acmaea were not counted at the
230-m arcs.
Densities of Acmaea decreased at quadrats in South as well as North Diablo
Cove (Figure 84). This decrease was significant at the 95% level for South
Diablo Cove quadrats, but not for North Diablo Cove quadrats (Tables 52 and
TABLE 56. Summary of Statistics for Cancer antennarlus at Subtidal Random 3o-m2 Arc Stations,
Diablo Cove. DCPP, 1974-1977.
1 9 7 4 197 5 1 976 1 977
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 3 1.00 1.73 3 3 0.60 0.55 5 0 0 2 1.00 1.41 2
3.1 - 6.1 m 1 0.50 0.71 2 2 0.67 1.15 3 0 8 3 0.43 0.79 7UJ
>
0
u 6.2 - 9.2 m 0 0 0 1 1 0.33 0.58 3 00
...J
m
~ 9.3 - 12.3 m 0 1 0 1 1 1.00 0.00 1 0Cl
I
I- 12.4 - 15.4 m 0 1 1 0.50 0.71 2 0 0 0 1 I:::>0 tv
<J)
0'\
15.5 - 18.5 m 0 1 0 0 0 0 0 0 0'\I
COMB INED DEPTHS 4 0.50 1.07 8 6 0.50 0.67 12 2 0.17 0.39 12 5 0.42 0.79 12
0 - 3.0 m 0 0 0 0 a 0 1 1.00 0.00
3.1 - 6.1 m 0 4 5 0.71 0.49 7 4 0.67 1.21 6 1 0.20 0.45 5
UJ
>
0
u 6.2 - 9.2 m 0 1 1 0.25 0.50 4 5 0.83 0.98 6 1 0.25 0.50 4
0
...J
m
~ 9.3 - 12.3 m 0 1 1 1.00 0.00 1 0 0 0
Cl
I
I- 12.4 - 15.4 m 0 0 0 0 0 0 0 0!5
z
15.5 - 18.5 m 0 0 0 0 a a a
COMB It£D DEPTHS 0 0.00 0.00 6 7 0.58 0.51 12 9 0.75 1.06 12 3 0.25 0.45 12
( ( ( ( (
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53). The comparison of densities of Acmaea between depths yielded a
significant difference for North Diablo Cove quadrats (Tables 52, 53, and 57).
Astraea gibberosa
Red turban snails (Figure 82) are known to range from British Columbia to
southern Baja California from low intertidal to 30 m (Gotshall and Laurent
1979). Astraea was most common in Diablo Cove on rocky substrate where
articulated coralline algae were abundant. We counted Astraea at both
30-m2 arcs and 0.25-m2 quadrats, and data from both these studies were
analyzed.
The mean density at arc stations declined in North and South Diablo Coves
(Figures 85). Neither of these changes in density was significant when tested
with the Kruskal-Wallis test (Tables 48 and 49), nor was there a difference in
densities at arc stations at the various depths sampled within the Cove
(Table 53).
Astraea declined in density at the 0.25-m2 quadrats in South Diablo
Cove; the decline was significant (Figure 86, Table 52). There was a
nonsignificant increase in Astraea density at North Diablo Cove quadrats
(Figure 86, Table 53). The Kruskal-Wallis test for differences in densities by
depths of Astraea indicated no significant differences at arc or quadrat
stations, with one exception; there was a significant difference between
densities by depths at 0.25-m2 quadrats sampled in 1975 in the North Diablo
Cove (Tables 53 and 59).
.J
TABLE 57. Summary of Statistics for Acamaea mltra at Subtidal Random 0.25-m2 Quadrat Stations,
Diablo Cove. OCPP, 1975-1978.
1 9 7 5 1 9 7 6 197 7 1 978
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
-
0 - 3.0 m 0 0 4 0.80 0.45 5 2 0.20 0.42 10 0 2
3.1 - 6.1 m 0 0 21 1.75 1.71 12 7 0.32 0.57 22 17 0.65 0.98 26
UJ
>
0
u 6.2 - 9.2 m 17 2.83 4.07 6 2 0.33 0.81 6 6 0.75 1.16 8 6 0.75 0.89 80
..J
co
< 9.3 - 12.3 m 1 0.50 0.71 2 0 0 2 0.67 1.15 3 1 0.17 0.41 6-0
J:
~ 12.4 - 15.4 m 0 0 0 0 1 0.50 0.70 2 2 0.33 0.52 6:=l0 I(/)
IV
15.5 - 18.5 m 2 0.50 0.58 4 0 0 1 0.33 0.58 3 0 0 0'\
OJ
I
COMB INED DEPTHS 20 1.67 3.02 12 27 1.17 1.44 23 19 0.40 0.71 4S 26 0.54 0.85 4S
0 - 3.0 m 0 1 0 7 7 1.40 1.52 5 0
UJ 3. 1 - 6.1 m 7 1.00 1.15 7 5 0.71 0.49 7 31 1.24 1.61 25 9 0.50 0.86 18
>
0
u
0 6.2 - 9.2 m 17 2.12 1.64 8 8 1.00 0.76 8 4 0.40 0.70 10 18 0.86 1.20 21
..J
co
<
0 9.3 - 12.3 m 0 4 3 1.50 2.12 2 0 4 0 0
J:
~
~ 12.4 - 15.4 m 0 0 0 0 0 4 0 8
z
15.5 - 18.5 m 0 0 0 0 0 0 0 0
COMB INED DEPTHS 24 1.20 1.47 20 '6 0.67 0.82 24 42 0.88 1.38 48 27 0.56 0.99 48
( ( ( ( (
( ( ( ( (
TABLE 58. Summary of Statistics for Astraea gibberosa at
Subtidal Random 30-m2 Arc Stations, Diablo Cove.
DCPP, 1974-1977.
974 1 97:) 1 976 1 9 7 7
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
o - 3.0 m 11 3.67 4.72 3 17 3.40 2.30 5 0 0 5 2.50 0.71 2
3.1 - 6.1 m 34 17.00 2.82 2 20 6.67 6.43 3 47 5.88 3.27 8 30 4.29 3.45 7UJ
:>
0 6.2 - 9.2 m 0 0 18 18.00 :l.00 1 22 7.33 3.79 3 7 7.00 0.00 1 Iu
0 l\J
...J 9.3 - 12.3 m 41 41.00 0.00 1 4 4.00 0.00 1 0 1 11 11.00 0.00 1 0'1co \.0<l:
- Io 12.4 - 15.4 m 7 7.00 0.00 1 19 9.40 10.60 2 0 0 4 4.00 0.00:r
I-is 15.5 - 18.5 m 4 4.00 0.00 1 0 0 0 0 0 0Vl
COMBINED DEPTHS 97 12.12 13.31 8 78 6.50 5.19 12 69 5.75 3.62 12 57 4.75 3.41 12
o - 3.0m 0 0 0 0 0 0 7 7.00 0.00
UJ 3.1 - 6.1 m 35 8.75 4.79 4 24 3.43 2.30 7 26 4.33 3.39 6 17 3.40 5.4C) 5:>
0
u
40 6.2 - 9.2 m 1 1.00 0.00 1 19 4.75 5.74 4 37 6.17 10.50 6 5 1. 25 1.89
...J
co
0 0~ 9.3 - 12.3 m 0 1 18 18.00 0.00 1 0
0
1= 12.4 - 15.4 m 0 0 0 0 0 0 0 0
0::
0
0 5 0.00z 15.5 - 18.5 m 0 0 0 0 0 5.00
COMBINED DEPTHS 36 6.00 5.66 6 61 5.08 5.37 12 63 5.25 7.51 12 34 2.83 3.93 12
TABLE 59. Summary of Statistics for Astraea glbberosa at Subtidal Random 0.25-m
2 Quadrat Stations,
Diablo Cove. DCPP, 1975-1978.
1 9 7 5 197 6 1 977 1 978
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd
N
0 - 3.0 m 0 0 1 0.20 0.45 5 0 10 0
2
UJ 3.1 - 6.1 m 0 0 0 12 1 0.05 0.21 22
3 0.12 0.43 26
>0
u
o 6.2 - 9.2 m 6 1.00 0.89 6 0 6 0 8
1 0.12 0.35 8
-l
lD
<
- 12.3 ma 9.3 0 2 0 0 0 3 6 1.00 1.26 6
:J:
~ 26 12.4 - 15.4 m 0 0 0 0 0 1 0.17 0.41 6
lJ)
I
tv
15.5 - 18.5 m 2 0.50 1.00 4 0 0 1 0.33 0.58 3 0 0
-.l
0
I
cOMB INED DEPTHS 8 0.67 0.89 12 1 0.04 0.21 23 2 0.04 0.20 48 11 0.23 0.63 48
0 - 3.0 m 0 1 1 0.14 0.38 7 1 0.20 0.45 5 0
UJ 3.1 - 6.1 m 0 7 0 7 5 0.20 0.41 25
5 0.28 0.46 18
>
0
u
- 9.2 m 2 10 4 0.19 0.51
21
o 6.2 0 8 0.25 0.46 8 0
-l
lD
<
- 12.3 m 2 0.50 1 0.50 0.71 2 4 0a 9.3 0.58 4 0 0
:J:
~ 1.49~ 12.4 - 15.4 m 0 0 0 0 2 0.50 1.00 4 6 0.75 8
15.5 - 18.5 m 0 0 0 0 0 0 0 0
COMB INED DEPTHS 2 0.10 0.31 20 4 0.17 0.38 24 8 0.17 0.43 48 15 0.31 0.75 48
( { ( (. (
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Doriopsilla albopunctata
White-spotted sea goddess nudibranchs (Figure 82) occur from Mendocino
County, California, to Baja, California, and the northern Gulf of California,
from the intertidal to depths of about 40 m (Gotshall and Laurent 1979). In
Diablo Cove Doriopsilla were commonly observed on rocky substrate where little
or no foliose or coralline algae was present. These nudibranchs were counted
at both arc and quadrat stations.
The small change in mean density observed at 30-m2 stations in Diablo
Cove over the years was not significant (Figure 87, Tables 48 and 49).
oThe densities of Doriopsilla in South Diablo Cove 0.25-m~ quadrats
increased significantly through time (Figure 88, Table 52). The apparent
increase in numbers of Doriopsilla at North Diablo Cove 0.25-m2 quadrats
was not significant (Figure 88).
There was a significant difference in densities between depths in North
Diablo Cove 30-m2 arc stations during only one year, 1976 (Tables 49 and
60). There was no significant differences in density at depths in South Diablo
Cove arc stations (Table 49).
Analysis of 0.25-m2 quadrat data for Doriopsilla yield differences in
density between depths for 1977 only (Tables 52, 53, and 61).
TABLE 60. Summary of Statistics for Doriopsilla albopunctata
at Subtidal Random 30-m2 Arc Stations, Diablo Cove.
DCPP, 1974-1977.
974 1 9 7 5 1 9 7 6 1 977
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
o - 3.0 m 2 0.67 0.56 3 10 2.00 2.50 5 a 0 0 2
3.1 - 6.1 m 5 2.50 3.54 2 5 1.67 2.89 3 8 1.00 1.77 8 23 3.29 4.42 7
....
> 6.2 - 9.2 m0 0 0 1 1.00 0.00 1 8 2.67 1.53 3 3 3.00 0.00u
0 9.3 - 12.3 m-J 4 4.00 0.00 1 3 8.00 0.00 1 3 3.00 0.00 1 2 2.00 0.00 Ico I
d:
;:; 12.4 - 15.4 m
N
3 3.00 0.00 1 8 4.00 1.41 2 0 a 5 5.00 0.00 1 -...J
:I: N
~ a 1 a 0 0 a a 0 Ig 15.5 - 18.5 m
II>
COMBINED DEPTHS 14 1. 75 1.98 8 32 2.67 2.77 12 19 1.58 1. 78 12 33 2.75 3.57 12
o - 3.0 m Q 0 0 0 0 0 2 2.00 0.00
UJ 3.1 - 6.1 m 12 3.00 0.00 4 47 1i.71 6.68 7 6 1.00 1. 55 6 21 4.20 3.42 5>
0
u 6.2 - 9.2 m 3 3.00 0.00 1 25 6.25 5.85 4 22 3.67 2.53 6 16 2.83 40 4.00
-J
co 9.3 - 12.3 m 3 3.00 0.00 1 2.00d: 2 0.00 1 a a a
-0
i= 12.4 - 15.4 m a a 0 0 a 0 a 0
~
z 15.5 - 18.5 m a 0 a 0 0 0 1 1.00 0.00 1
COMBINED DEPTHS 18 3.00 u.uO 6 74 6.17 5.95 12 28 2.33 2.46 12 40 3.33 2.93 12
( ( ( (
( ( ( ( (
TABLE 61. Summary of Statistics for Dorlopsilia alboupunctata at Subtidal Random 0.25-m2 Quadrat Stations,
Diablo Cove. DCPP, 1975-1978.
197 5 1 976 1 977 1 978
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 0 5 0 10 0 2
UJ 3.1 - 6.1 m 0 0 0 12 0 22 11 0.42 0.58 26
>
0
u
o 6.2 - 9.2 m 0 6 0 0 0 8 1 0.12 0.35 8
-I
co
<:
o 9.3 - 12.3 m 0 2 0 0 0 3 0 6
:x:
to-g 12.4 - 15.4 m 0 0 0 0 0 2 0 6
VJ I
N
15.5 - 18.5 m 0 4 0 0 1 0.33 0.58 3 0 0 --..J
W
I
COMB Ir£D DEPTHS 0 12 0 23 1 0.02 0.14 48 12 0.25 0.48 48
0 - 3.0 m 0 1 0 7 0 5 0
3.1 - 6.1 m 1 0.14 0.38 7 0 7 3 0.12 0.44 25 1 0.06 0.24 '8UJ
>
0
u 6.2
- 9.2 m 0 8 1 0.12 0. 35 8 0 10 7 0.33 0.66 21
0
-I
co
~ 9.3 - 12.3 m 0 4 0 2 2 0.50 0.58 4 0 0
0
:x:
to- 12.4 - 15.4 m 0 0 0 0 0 4 2 0.25 0.46 8a:
~
15.5 - 18.5 m 0 0 0 0 0 0 0 0
COMB Ir£D DEPTHS 1 0.05 0.22 20 1 0.04 0.20 24 5 0. 10 0.37 48 10 0.21 0.50 48
TABLE 62. Summary of Statistics for Ila1iotis rufescens at
Subtidal Random 30-m2 Arc Stations, Diablo Cove.
DCPP, 1974-1977.
974 1 9 7 5 1 9 7 6 1 9 7 7
Depth Range Sum X Sd N Sum x Sd N Sum x Sd N Sum x Sd N
o - 3.0 m 1 0.33 0.58 3 2 0.40 0.89 5 0 0 0 2
3.1 - 6.1 m 6 3.00 4.25 2 0 3 1 0.13 0.35 8 2 0.29 0.49 7
....
::-
0 6.2 - 9.2 m 0 0 0 1 0 3 0u I
0
9.3 - 12.3 m N~ 0 1 a 1 0 1 0 1co
-..J
c( ~
;; 12.4 - 15.4 m 0 1 0 2 0 0 0 1 I
:t:
~6 15.5 - 18.5 m 0 1 0 0 0 0 0 0
II>
COMBINED DEPTHS 7 0.88 2.10 8 2 0.17 0.58 12 1 0.08 0.29 12 2 0.17 0.39 12
o - 3.0 m 0 0 0 0 0 0 0
.... 3.1 - 6.1 m 0 4 0 7 12 2.00 2.28 6 6 1.20 2.68 5::-
0
u
6.2 - 9.2 m0 0 1 0 4 0 6 1 0.25 0.50 4
~
co
9.3 - 12.3 mc( 0 1 0 1 0 0 0
0
~ 12.4 - 15.4 m 0 0 0 0 0 0 0 0
15
z 15.5 - 18.5 m 0 0 0 0 0 0 0 1
COMBINED DEPTHS 0 0.00 0.00 6 0 0.00 0.00 12 12 1.00 1.86 12 7 0.58 1. 73 12
( ( ( ( (
( ( ( ( (
TABLE 63 a. Summary of Statistics for Hallotls rufescens at Subtidal Random 0.25-m2 Quadrat Stations,
Diablo Cove. DCPP, 1975-1978.
197 5 1 976 1 9 7 7 1 978
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 0 5 0 10 0 2
3.1 - 6.1 m 0 0 0 12 3 0.14 0.47 22 0 26
UJ
>
0
u 6.2 - 9.2 m 0 6 0 6 0 8 0 80
-l
CD
< 9.3 - 12.3 m 0 2 0 0 0 3 00 6
I
I- 12.4 - 15.4 m 0 0 0 0 0 2 0 6:::l I0
Vl N
-....J
15.5 - 18.5 m 0 4 0 0 0 3 0 0 lJ1I
COMBINED DEPTHS 0 12 0 23 3 0.06 0.32 48 0 48
0 - 3.0 m 0 1 0 7 1 0.20 0.45 5 0
3.1 - 6.1 m 1 0.14 0.38 7 0 7 1 0.04 0.20 25 0 18
UJ
>
0
u 6.2 - 9.2 m 0 8 0 8 0 10 0 21
0
-l
CD
~ 9.3 - 12.3 m 0 4 0 2 0 4 0 0
Cl
I
I- 12.4 - 15.4 m 0 0 0 0 0 4 0 815
z
15.5 - 18.5 m 0 0 0 0 0 0 0 0
COMB INED DEPTHS 1 0.05 0.22 20 0 24 2 0.04 0.20 48 0 48
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Haliotis rufescens
Red abalone (Figure 89) have been recorded from Coos Bay, Oregon, to Baja,
California, in depths from the intertidal to about 25 m. In Diablo Cove red
abalone are sparse but appear to be most common in the shallow subtidal and low
intertidal areas which contain large boulders with many undercuts and crevices.
Red abalone frequency of occurrence was fairly static at arcs as well as
quadrats (Figures 90 and 91).
The decline in density observed at South Diablo Cove arc stations was not
significant (Figure 90, Table 48), nor was the apparent increase in density at
North Diablo Cove arc stations significant (Figure 90).
Their occurrence at quadrats was very low (Figure 91). Even though our
observations suggest that red abalones are more common at shallow stations,
these differences in density at depth were not statistically significant
(Tables 62 and 63a).
Homalopoma luridum
Dwarf turban snails have been recorded from Sitka, Alaska to San Geronimo
Island, Baja, California (McLean 1978), from the low intertidal at about 30 m.
Dwarf turban snails were most commonly found in Diablo Cove on rocky substrate
where foliose and coralline algae abundance was minimal. Because of their
small size, dwarf turbans were not quantified at arc stations. Their abundance
in South Diablo Cove quadrats increased from 1975 through 1978; this increase
was significant (p ~ 0.05) (Figure 92, Table 52). The apparent increasing
-
--
-
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trend in North Diablo Cove qQadrats was not significant (Figure 92); Homalopoma
was most abundant at mid-depth quadrats, (6.2 to 12.3 m) in Diablo Cove
(Table 63b). This difference in densities between depths was significant in
South Diablo Cove but not in North Diablo Cove (Tables 52 and 53).
Serpulorbis squamigerus
Scaled worm shells (Figure 89) have a recorded range from Point Sur,
California, to central Baja California, in depths from the low intertidal to 30
m (Gotshall and Laurent 19(9). Serpulorbis was most cormnonly observed in
Diablo Cove attached to the sides of rocks. We did not quantif,r scaled worm
shells at arc stations. The fluctuations in density at quadrats in North and
South Diablo Cove were not significant at the 95% level (FigQre 93, Tables 52
and 53). Scaled worm shells were more abundant at mid-depth stations
(Table 64). This difference in densities by depth was significant (p ~ 0.05)
for South Diablo Cove quadrats, but not for North Diablo Cove quadrats
(Tables 52 and 53).
Tegula brunnea
Brown turban snails (Figure 89) range from Oregon to southern California in
depths from the mid-intertidal to about 12 m (Gotshall and LaQrent 19(9). In
Diablo Cove they are cormnonly found on various species of brown algae. Brown
turban snails were not quantified at random 30-m2 arcs. At quadrat
stations the mean densities increased over the years for both South and North
Diablo Cove (Figure 94). This increase was statistically significant for both
South Diablo Cove and North Diablo Cove quadrats (Tables 52 and 53).
TABLE 63 b. Summary of Statistics for Homalopoma luridum at Subtidal Random 0.25-m
2 Quadrat Stations,
Diablo Cove. DCPP, 1975-1978.
1 9 7 5 1 976 1 977 197 8
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 5 1.00 1.41 5 30 3.00 4.35 10 0 2
3.1 - 6.1 m 0 0 19 1.58 1.50 12 40 2.00 2.83 20 93 3.56 3.69 26
UJ
>
0
u 6 2
- 9.2 m 13 2. 17 3.71 6 16 2.67 2.42 6 38 4.75 3.84 8 38 4.75 2.81 8o •
-l
CD
~ 9.3 - 12.3 m 6 6.00 3.00 2 0 0 13 4.33 3.21 3 27 4.50 2.51 6
0
:I: I
I- 12.4 - 15.4 m 0 0 0 0 5 2.50 2.12 2 21 3.50 2.07 6:::J N
0 -.J
VI co
15.5 - 18.5 m 3 0.75 0.96 4 0 0 3 1.00 0.00 3 0 0 I
COMB INED DEPTHS 22 1.83 2.82 12 40 1.74 1.79 23 129 2.80 3.37 46 179 3.73 3.23 48
0 - 3.0 m 0 1 3 0.43 0.53 7 17 3.40 6.50 5 5 5.00 0.00
3.1 - 6.1 m 2 0.29 0.76 7 6 0.86 0.90 7 94 3.76 4.24 25 43 2.39 3.33 18
UJ
>8 6.2 - 9.2 m 9 1.12 1.36 8 9 1.12 1.55 8 9 0.90 2.02 10 25 1.19 2.11 21
0
-l
~ 9.3 - 12.3 m 4 1.00 1.15 4 2 1.00 0.00 2 3 0.75 0.96 4 0 0
0
~ 12.4 - 15.4 m 0 0 0 0 2 0.50 0. 58 4 4 0.50 0. 53 8
0::
0
z
15.5 - 18.5 m 0 0 0 0 0 0 0 0
COMBINED DEPTHS 15 0.75 1.12 20 20 0.83 1.05 24 125 2.60 3.97 48 77 1.60 2. 59 48
<, ( ( ( (
( ( ( ( (
TABLE 64. Summary ot Statistics tor Serpulorbls squamlgerus at Subtidal Random 0.25-m2 QUadrat Stations,
Diablo Cove. DCPP, 1975-1978.
1 975 1 9 7 6 197 7 1 978
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 0 5 2 0.20 0.63 10 0 2
3.1 - 6.1 m 0 0 0 12 17 0.77 1.50 22 6 0.23 0.81 26
UJ
>
0() 6.2 - 9.2 m 14 2.33 5.71 6 5 0.83 0.98 6 2 0.25 0.46 8 10 1.25 1.75 8
0
~
(D
ce 9.3 - 12.3 m 8 4.00 2.82 2 0 0 12 4.00 4.58 3 14 2.33 3.88 60
:J:
I- 12.4 - 15.4 m 0 0 0 0 0 2 39 6.50 4.76 6=>
0 IVI IV
15.5 - 18.5 m 1 0.25 0.50 4 0 0 3 1.00 0.00 3 0 0 -....I\.0
I
COMB INED DEPTHS 23 1.92 4.19 12 5 0.22 0.60 23 36 0.75 1.68 48 69 1.44 3.02 48
0 - 3.0 m 0 1 0 7 5 1.00 1.41 5 0
UJ 3. 1 - 6.1 m 7 1.00 1.73 7 0 7 26 1.04 1.39 25 22 1.22 2.07 '8
>
0()
0 6.2 - 9.2 m 5 0.62 0.91 8 6 0.75 1.75 8 11 1.10 1.29 10 29 1.38 2.31 21
~
(D
ce
"- 9.3 - 12.3 m 11 2.75 5.50 4 14 7.00 9.90 2 0 4 0 0Cl
:J:
I-
~ 12.4 - 15.4 m 0 0 0 0 2 0.50 1.00 4 41 5.12 8.75 8
z
15.5 - 18.5 m 0 0 0 0 0 0 0 0
COMB INED DEPTHS 23 1.15 2.60 20 20 0.83 2.99 24 44 0.92 1.28 48 92 1.92 4.17 48
-~_ .. - Q§Q - -
-280-
Tegula were apparently more abundant at shallow quadrats in North Diablo
Cove and South Diablo Cove (Table 65). This difference in densities was
significant for North Diablo Cove quadrats (Table 53).
Tonicella lineata
Lined chitons (Figure 89) have been reported from northern Japan, and the
Aleutian Islands to San Diego, from intertidal depths to about 30 m (Gotshall
and Laurent 1979). In Diablo Cove lined chitons were most common on rocks with
large areas of encrusting coralline algae. Because of their cryptic
coloration, which makes them difficult to observe, we did not quantify
Tonicella at arc stations. Differences in mean densities at North Diablo Cove
quadrat stations over the years were significant, but the differences in
density observed in South Diablo Cove quadrats were not significant (Tables 52
and 53, Figure 95).
Lined chitons were significantly more abundant at mid-depth quadrats in
both North and South Diablo Coves when data from all years were compared
(Table 52, 53, and 66).
ECHINODERMATA
Henricia leviuscula
Blood stars (Figure 96) have a known range from the Aleutian Islands to
central Baja California from the intertidal to depths of 670 m (Gotshall and
Laurent 1979). In Diablo Cove our observations indicated that juvenile blood
-
-
( ( ( (
TABLE 65. Summary of Statistics for Tegula brunnea at Subtidal Random 0.25-m2 Quadrat Stations,
Diablo Cove. DCPP, 1975-1978.
197 5 1 976 1 977 1 9 7 8
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 1 0.20 0.44 5 7 0.70 1.06 10 0 2
3. 1 - 6.1 m 0 0 1 0.08 0.29 12 15 0.68 1.04 22 30 1.15 1.59 26UJ
>
0
u 6.2 - 9.2 m 0 6 0 6 13 1.62 3.80 8 7 0.88 1.12 80
...J
!D
< 9.3 - 12.3 m 0 2 0 0 0 3 3 0.50 0.83 6-0
:I:
~ 12.4 - 15.4 m 0 0 0 0 0 2 0 6 I::>0 tv
Vl ex>
15.5 - 18.5 m 0 4 0 0 0 3 0 0 I-'I
CO~ It-£D DEPTHS 0 12 2 0.09 0.29 23 35 0. 73 1.76 48 40 0.83 1.34 48
0 - 3.0 m 1 1.00 0.00 1 1 0.14 0.37 7 4 0.80 0.83 5 2 2.00 0.00
3.1 - 6.1 m 6 0.86 1.57 7 4 0.57 0.79 7 34 1.36 1.29 25 71 3.94 5.30 18
UJ
>
0
u 6.2 - 9.2 m 0 8 3 0.38 1.06 8 6 0.60 0.80 10 32 1.52 2.30 21
0
...J
!D
< 9.3 - 12.3 m 0 4 0 2 5 1.25 1.30 4 0 0
-
0
:I:
~ 12.4 - 15.4 m 0 0 0 0 0 4 2 0.25 0.46 8~
z
15.5 - 18.5 m 0 0 0 0 0 0 0 0
CO~ It-£D DEPTHS 7 0.35 0.99 20 8 0.33 0. 76 24 49 1.02 1.16 48 107 2.23 3.81 48
TABLE 66. Summary of Statistics for Tonlcella Iineata at Subtidal Random 0.25-m2 Quadrat Stations,
Diablo Cove. DCPP, 1975-1978.
197 5 1 976 197 7 1 9 7 8
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 0 5 1 0.10 0.32 10 0 2
3.1 - 6.1 m 0 0 10 0.83 0.83 12 6 0.27 0.88 22 11 0.42 0.76 26UJ
>
0
u 6 2
- 9.2 m 4 0.67 0.52 6 9 1.50 1.51 6 6 0. 75 0.89 8 5 0.62 0.74 8o •
.-J
a:l
<:
- 12.3 m 1 0.50 0.70 2 0 1 0.33 0.57 3 5 0.83 1.33;; 9.3 0 6
:J:
I- 12.4 - 15.4 m 0 0 0 0 1 0.50 0.70 2 3 0.50 0.84 6::l0(/') I
15.5 - 18.5 m 0.75 1.50 4 0 0 4 1.33 1.53 3 0 0 IV3 co
IV
I
COMBIf£D DEPTHS 8 0.67 0.89 12 19 0.83 1.07 23 19 0.40 0.84 48 24 0.50 0.82 48
0 - 3.0 m 0 1 1 0.14 0.38 7 1 0.20 0.45 5 0
UJ 3.1 - 6.1 m 22 1.34 2.85 7 11 1.57 2.30 7 31 1.24 1.76 25 12 0.67 1.19 18
>
0
u
o 6.2 - 9.2 m 29 3.62 1.92 8 6 0.75 1.03 8 19 1.90 1.91 10 29 1.38 1.63 21
.-J
a:l
<:
;; 9.3 - 12.3 m 1 0.25 0.50 4 5 2.50 3.53 2 4 1.00 2.00 4 0 0
:J:
l-
tS 12. 4 - 15. 4 m 0 0 0 0 0 4 7 0.88 1.81 8
z
15.5 - 18.5 m 0 0 0 0 0 0 0 0
COMBINED DEPTHS 52 2.60 2.46 20 23 0.96 1.68 24 55 1.15 1.70 48 48 1.00 1.50 48
l ( ( (
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stars were more common at shallow rocky substrate stations, while the adults
frequented deeper rocky areas. We have analyzed only the 0.25-m2 quadrat
counts because of the questionable accuracy of our counts at the 30-m2 arc
stations. There was not a significant difference in fluctuations in mean
densities at South or North Diablo Cove quadrats during the study (Figure 97,
Tables 52 and 53). Neither were there significant differences in densities
between depths (Tables 52, 53, and 67).
Patiria miniata
Sea bats (Figure 96) have been recorded from Sitka, Alaska, to San Benitos
Islands, Baja California, from the intertidal to 300 m (Gotshall and Laurent
1979). Counts from both 30-m2 arcs and 0.25-m2 quadrats were
analyzed.
Fluctuations in mean densities of sea bats at 30-m2 arc stations were
not significant for South or North Diablo Cove (Figure 98, Table 48 and 49).
The decline in densities in South Diablo Cove 0.25-m2 quadrats was
significant (Figure 99, Table 52). There was no significant change in sea bat
densities at North Diablo Cove quadrats over time (Figure 99, Table 53).
Mean densities of sea bats between depths were significantly different at
South and North Diablo Cove 30-m2 arc stations when we compared the data
from all years (Tables 48 and 49). They were more abundant at the deeper South
Diablo Cove stations and mid-depth (6.2 to 9.2 m) North Diablo Cove arcs
(Table 68). At North Diablo Cove arcs, there was also a significant difference
between depths for sea bats for 1976 data (Table 49).
TABLE 61. Summary of Statistics for Henrlcla levluscula at Subtidal Random 0.25-m
2 Quadrat Stations,
DI ab I0 Cove. DCPP, 1915-1978.
1 975 1 976 1 917 1 918
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 0 5 3 0.30 0.48 10 0
2
3.1 - 6.1 m 0 0 3 0.25 0.45 12 6 0.27 0.88 22 9 0.35 0.89 26
w
>
0(,) 6.2 - 9.2 m 2 0.33 0.51 6 2 0.33 0.51 6 0 8 1 0.12 0.35 8
0
...J
10
~ 9.3 - 12.3 m 2 1.00 0.00 2 0 0 0 3 0 6
0
:I:
I- 12.4 - 15.4 m 0 0 0 0 0 2 1 0.11 0.41 6::l I
0
til
N
00
15.5 - 18.5 m 0 4 0 0 0 3 0 0
.l:>-
I
COMB INED DEPTHS 4 0.33 0.49 12 5 0.22 0.42 23 9 0.19 0.64 48 11 0.23 0.69 48
0 - 3.0 m 0 1 5 0.11 0.75 1 3 0.60 0.55 5 0
w 3. 1 - 6.1 m 1 0.14 0.39 7 3 0.43 0.53 1
18 O. n 0.94 25 12 0.66 1.10 18
>
0(,)
0 6.2 - 9.2 m 5 0.62 1.00 8 2 0.25 0.71 8
6 0.60 0.84 10 8 0.38 0.49 21
...J
10
<;:; 9.3 - 12.3 m 0 4 0 2 6 1.50 1.90 4 0 0
:I:
I-
5 12.4 - 15.4 m 0 0 0 0 0 4 0 8
z
15.5 - 18.5 m 0 0 0 0 0 0 0 0
COMB INED DEPTHS 6 0.30 0.73 20 10 0.42 0.65 24 33 0.69 0.97 48 20 0.42 0.17 48
( { ( ( (
( ( ( (
TABLE 68. Summary of Statistics for Patiria miniata at
Random 30-m2 Arc Stations,-rliablo Cove. ncpp,
k914~1~77.
974 197 5 1 9 7 6 197 7
--
Depth Rarge Sum x Sd N )um x Sd N Sum x Sd N Sum x Sd N
o - 3.0 m 27 9.00 7.55 3 98 19.50 12.99 5 0 0 11 5.50 2.12 2
3.1 - 6.1 m 141 70.50 20.51 2 200 66.67 46.82 3 270 33.75 30.25 8 622 88.86 51.89 7
w
>
0 6.2 - 9.2 m 0 0 66 66.60 f).00 1 266 88.67 9.82 3 96 96.00 0.00u I
0 IV
-.J 9.3 - 12.3 m 69 69.00 0.00 1 185 185.00 :).00 1 14 14.00 0.00 1 107 107.00 0.00 1 00co
c:( U1
>-' I
o 12.4 - 15.4 m 120 120.00 0.00 1 155 78.00 19.80 2 0 0 185 185.00 0.00 1
::l:
t-5 15.5 - 18.5 m 20 20.00 0.00 1 0 0 0 0 0 0
til
COMBINED DEPTHS 377 47.12 42.28 8 705 58.75 52.25 12 550 45.83 36.03 12 1021 85.08 59.93 12
o - 3.0 m 0 a a 0 0 0 77 77 .00 0.00
UJ 3.1 - 6.1 m 403 100.75 79.32 4 817 116.71 72.88 7 117 19.50 12.85 6 538 107.60 72 .14 5>
0
u 54.71 4
0 6.2 - 9.2 m 173 173.00 0.00 1 589 147.25 51.41 4 850 141.67 74.28 6 646 161.50
-'co 0.00 0c:( 9.3 - 12.3 m 115 115.00 0.00 1 56 56.00 0.00 1 0 0 140 140.00
....
0
~ 12.4 - 15.4 m 0 0 0 0 0 0 0 0
0:
0 129.00 0.00z 15.5 - 18.5 m a 0 0 0 0 0 129
COMBINED DEPTHS 691 115.17 67.90 6 1462 121.83 65.29 12 967 80.58 81. 57 12 1530 127.50 59.63 12
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Quadrat stations in both North and South Diablo Cove yielded significant
differences in densities for sea bats between depths when data from all years
were compared (Tables 52, 53, and 69).
Pisaster giganteus
Giant-spined sea stars (Figure 96) range from Vancouver Island to Cedros
Island and Pablo Bay, Baja California, from the low intertidal to depths of 30
m (Gotshall and Laurent 1979). In Diablo Cove they were common on most rocky
reefs. Giant-spined sea stars did not occur frequently enough at 0.25-m2
quadrats to merit analysis. The fluctuations in mean density of f. giganteus
at North and South Diablo Cove arc stations were not statistically significant
(Figure 100, Tables 48 and 49). In South Diablo Cove the,y were more abundant
at mid-depth (9.3 to 15.4 m) arc stations (Table 70). The differenc~s in
abundance by depth was significant (Table 48).
~cnopodia helianthoides
Sunflower stars (Figure 101), have been reported from Alaska to San Diego,
from intertidal depths to depths of 30 m or more (Gotshall and Laurent 1979).
We have observed these large shellfish predators throughout Diablo Cove on all
types of substrate, including sand. Only the density data from the 30-m2
arcs have been analyzed.
The changes in mean density at arc stations over the years were not
significant (Figure 102, Tables 48, and 49). In South Diablo Cove p¥cnopodia
was more abundant at deeper 30-m2 arc stations (Table 71). The differences
( ( ( ( (
TABLE 70. Summary of Statistics for Pisaster giganteus at
Subtidal Random 30-m2 Arc Stations, Diablo Cove.
DCPP, 1974-1977.
974 197 5 1 976
197 7
--
Depth Range Sum x Sd N )um x Sd N Sum x Sd
N Sum x Sd N
o - 3.0 m 0 3 0
5 0 0 0
2
3.1 - 6.1 m I 0.50 0.71 2 1 0.33
0.)0 3 6 0.75 0.89 8 5 0.71 0.76 7
w
> 0 0 0
1 I
0 6.2 - 9.2 m
1 7 2.33 2.52 3 2 2.00 0.00
u
tv
0 9.3 - 12.3 m a 1 0 1
9 1 1 19;
J
9.00 0.00 1.00 0.00
co
~
I
-
6 6.00 0.00 1 4 2.00 1.41 2
0
o 12.4 - 15.4 m
0 a
:t:
I- 0 1 a 0 0
a 0 0
5 15.5 - 18.5 m
Vl
COMBINED DEPTHS 7 0.88 2.10 8 5 0.42 0.90 12
22 1.83 2.69 12 8 0.67 0.78 12
o - 3.0 m 0 0 a 0 a
a 0
w 3.1 - 6.1 m 3 0.75 0.96 4 18 2.57 2.76 7 9
1. 50 2.07 6 9 1.80 2.17 5
>
0
u
4
0 6.2 - 9.2 m 2 2.00 0.00 1
20 5.00 5.88 4 18 3.00 2.83 6 6
1.50 1.00
J
co
~ 9.3 - 12.3 m 1 1.00 0.00 1 3 3.00 0.00 1 a
a a
-0
1= 12.4 - 15.4 m 0, 0 0 a 0
0 0 0
0:
~ 15.5 - 18.5 m 0 0 0 0 0 0
2 2.00 0.00
COMBINED DEPTHS 6 1.00 0.89 6 41 3.42 4.30 12 27
2.25 2.49 12 17 1.42 1.56 12
( ( ( ( <.
( ( ( (
TABtiE 71. Summary of Statistics for Pycnopodia he1ianthoides
at Subtidal Random 30-m2 Arc Stations, Diablo Cove.
DCPP, 1974-1977.
974 197 5 197 6 I 977
--
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x
Sd N
o - 3.0 m 3 1.00 1.00 3 3 0.60 0.89 5 a a
a 2
3.1 - 6.1 m 2 1.00 1.41 2 3 1.00 100 3 6 0.75 1. 17 8 9 1.29
1.38 7
lJ.J
>
0 6.2 - 9.2 m a a 2 2.00 000 1 3 1.00 1.00 3 a I Iu
0
N
..J 9.3 - 12.3 m 1 1.00 0.00 1 2 2.00 0.00 1 1 1.00 0.00 1 2 2.00
0.00 1m
co
<t
\.0
- 3 3.00
' I
o 12.4 - 15.4 m 0.00 1 8 4.00 2.82 2 a a 3 0.00 0.00
::I:
I- 2 2.00 0.005 15.5 - 18.5 m 1 a 0 a 0 a a
VI
COMBINED DEPTHS 11 1. 38 1.06 8 18 1.50 1.68 12 10 0.83 1.03 12 14 1. 17 1.34
12
a - 3.0 m a a 0 a 0 0 1
1.00 0.00
lJ.J 3.1 - 6.1 m 17 4.25 4.03 4 15 2.14 1.68 7 7 1. 17 0.75 6 6
1.20 1.64 5
>
0
u 2 2.00 0.00 1 11 2.75 3.20 1. 15 4
0 6.2 - 9.2 m
4 8 1.33 1.63 6 12 3.00
..J
co 2 2.00 0.00 1 1 1.00<t 9.3 - 12.3 m 0.00 a 0 0 2
2.00 0.00
-0
i= 12.4 - 15.4 m 0 a 0 0 0 a 0
a
0::
0 0z 15.5 - 18.5 m a 0 a a 0 1 1.00
0.00
COMBINED DEPTHS 21 3.50 3.33 6 27 2.25 2.14 12 15 1.25 1.22 12 22 1.83
1.47 12
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in density by depth were significant for South Diablo Cove but' nbt at North
Diablo Cove.
Strongylocentrotus franciscanus
Red sea urchins (Figure 101) are known to occur from the Gulf of Alaska to
Cedros Island, Baja California, from the low intertidal down to about 30 m
(Gotshall and Laurent 1979). In Diablo Cove, before the arrival of the
California sea otter, they were one of the most abundant macro-invertebrates,
and were present on all types of substrate.
The substantial changes in mean density at South and North Diablo arc
stations were statistically significant (Figure 102, Tables 48 and 49).
The fluctuations in density at North and South Diablo Cove quadrats were
not significant (Figure 103, Tables 52, and 53).
,Densities of giant red sea urchins were significantly different between
depths in South Diablo Cove (Table 48). The urchins were more abundant at
deeper South Diablo Cove arc stations (Tables 48, 49 and 72).
Differences in densities between depths at O.25-m2 quadrats were not
significant (Tables 52, 53 and 73).
-
( ( ( ( (
TABLE 72. Summary of Statistics for Strongylocentrotus franclscanus at Subtidal Random 3Q-m2 Arc Stations,
Diablo Cove. DCPP, 1974-1977.
1 9 7 4 197 5 1 976 197 7
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 172 57.3362.74 3 0 5 0 0 2 1.00 1.41 2
UJ 3.1 - 6.1 m 201 100.50 77.07 2 0 3 2 0.25 0.46 8 2 0.29 0.49 7
>
0()
0 6.2 - 9.2 m 0 0 3 3.00 0.00 1 68 68.00 0.00 1 0
-I
(])
-<
C; 9.3 - 12.3 m 60 60.00 0.00 1 13 13.00 0.00 1 0 0 0 0.00 0.00
:I:
l- I:::> 12.4 - 15.4 m 7 7.00 0.00 1 53 26.50 0.71 2 0 0 4 4.00 0.00 10 N
Vl ~
15.5 - 18.5 m 153 153.00 0.00 1 0 0 0 0 0
I--'
0 I
COMB INED DEPTHS 593 74.12 62.08 8 69 5. 75 10. 38 12 74 6.17 19.51 12 8 0.67 1.23 12
0 - 3.0 m 0 0 0 0 0 0 7 7.00 0.00
3.1 - 6.1 m 518 129.50 72.08 4 218 31.12 35.46 7 46 7.67 15.88 6 31 6.20 13.31 5
UJ
>
0()
6.2 - 9.2 m 182 182.00 0.00 1 110 27.50 51.69 4 183 30.50 43.70 6 23 5.75 3.69 40
-I
(])
-< 9.3 - 12.3 m 52 52.00 0.00 1 4 4.00 0.00 1 0 0 1 1.00 0.00-0
:I:
to- 12.4 - 15.4 m 0 0 0 0 0 0 0 0ex:~
15.5 - 18.5 m 0 0 0 0 0 0 0
COMB IlIED DEPTHS 752 125.33 69.64 6 332 27.67 38.38 12 229 19.08 33.54 12 62 5.17 8.55 12
TABLE 13. Summary of Statistics for Strongylocentrotus franclscanus at Subtidal Random 0.25-m2 Quadrat
Stations, Diablo Cove. DCPP, 1915-1918.
191 5 191 6 1 9 1 1 1 9 1 8
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 0 5 1 0.10 0.32 10 0 2
w 3.1 - 6.1 m 0 0 6 0.50 1.44 12 6 0.21 0.46 22 1 0.04 0.20 26
>0
u
g 6.2 - 9.2 m 0 6 4 0.61 1.21 6 0 8 0 8
Dl
<
- 9.3 - 12.3 m 0 2 0 0 0 3 0 6Cl
:r:
.....
::> 12.4 - 15.4 m 0 0 0 0 1 0.50 0.10 2 0 60
V'l
I
15.5 - 18.5 m 1 0.25 0.50 4 0 0 0 3 0 0 IV~
IV
COMB INED DEPTHS 1 0.08 0.29 12 10 0.43 1.20 23 8 1.67 0.38 48 1 0.02 0.14 48 I
0 - 3.0 m 0 1 5 0.71 1.10 7 0 5 0
3.1 - 6.1 m 5 0.11 1.11 7 7 1.00 2.20 7 1 0.28 0.84 25 2 0.11 0.32 18w
>
0
u 6.2 - 9.2 m 0 8 5 0.62 1.40 8 3 0.30 0.48 10 2 0.10 0.30 210
..J
Dl
< 9.3 - 12.3 m 0 4 0 2 0 4 0- 0Cl
:r:
I- 12.4 - 15.4 m 0 0 0 0 2 0.50 1.00 4 2 0.25 0.46 8§
15.5 - 18.5 m 0 0 0 0 0 0 0 0
COMB INED DEPTHS 5 0.25 0.72 20 17 0.71 1.52 24 12 0.25 0.70 48 6 0.12 0.33 48
( ( ( ( (
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CHORDATA
Styela montereyensis
Stalked tunicates (Figure 101) have been recorded from Alaska to San Diego
from the intertidal to depths of about 30 m (Gotshall and Laurent 1979).
Styela were most often observed in Diablo Cove attached near to or on the top
of rocks. We have only analyzed the data from the 30-m2 arcs. There was a
significant change in mean densities at both South and North Diablo Cove
30-m2 arc stations (Figure 104, Tables 48 and 49). Styela were m:>re
abundant at mid-depth (9.13 to 12.3 m) stations (Table 74). This difference in
density between depths was significant at both South Diablo Cove and North
Diablo Cove (Tables 48 and 49).
B. North Control
As in Diablo Cove, we began surveys of North Control 30-m2 arc stations
in the summer of 1974 and continued them through the fall of 1977. In 1976, we
began summer surveys of quadrat stations in North Control. These surveys were
continued through the fall of 1978. A total of 85, 30-m2 stations
was surveyed. The species encountered at the arc and quadrat stations, other
than those subjected to analysis and discussed below are listed in Appendices 6
and 7.
PORIFERA
TABLE 74. Summary of Statistics for Styela montereyensis
at Subtidal Random 30-m2 Arc Stations, Diablo
Cove. DCPP, 1974-1977.
974 1 975 1 976 1 977
Depth Range Sum x Sd N 5um x Sd N Sum x Sd N Sum x Sd N
D - 3.0 m 0 3 2 0.40 0.89 5 0 0 0 2
3.1 - 6.1 m 0 2 2 0.67 0.58 3 76 9.50 8.80 8 57 8.14 8.55 7
w I:>
0 6.2 - 9.2 m 0 0 0 1 55 18.33 25.74 3 8 8.00 0.00 1 IVu
1.0
0 9.3 - 12.3 m a 1 4 4.00 0.00 1 36 2.00 0.00 1 ol:=>oJ 36.00 0.00 1 2 Ir.o,~
;; 12.4 - 15.4 m 1 1.00 0.00 • 1 1 0.50 0.71 2 0 0 5 5.00 0.00
::c
t- o 1 0 0 0 0 0a 15.5 - 18.5 m 0
Vl
COMBINED DEPTHS 1 0.12 0.35 8 9 0.75 1. 22 12 167 13.92 15.28 12 72 6.00 7.16 12
o - 3.0 m 0 0 0 0 0 0 0
w 3.1 - 6.1 m 0 4 5 0.71 0.76 7 10 1.67 ?.25 6 22 4.40 2.61 5:>
0
u 0 1 13 3.25 3.40 4 109 29 7.25 1.50 40 6.2 - 9.2 m 18.17 9.62 6
oJ
cD 0 1 1 1.00 0.00 1 12 12.00 0.00« 9.3 - 12.3 m 0 0
-0
i= 12.~ - 15.4 m 0 0 0 0 0 0 0 a
~ 0 0 0 0 0 0 8 8.00 0.00z 15.5 - 18.5 m
COMBINED DEPTHS 0 0.00 0.00 6 19 1.58 2.23 12 119 9.92 10.89 12 71 5.92 3.42 12
( ( ( ( (
--
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Tethya aurantia
The change in mean densities of orange puffball sponges recorded at North
Control 30-m2 arc stations was statistically significant (Figure 105, Table
75). Orange puffball sponges were generally more abundant at deeper stations
(Table 76). The differences in densities between depths were significant
(Table 75).
CNIDARIA
Anthopleura xanthogrammica
The mean densities of giant green anemones increased over the years at
30-m2 arc stations; the change in density was statistically significant
(Figure 107, Table 75). Significant differences in densities between depths
were obtained when tested with the K-W test (Table 75). Anthopleura were more
abundant at shallow (3.1 to 9.2) arc stations (Table 77).
Balanophyllia elegans
There was little change in Balanophyl1ia density in 0.25-m2 quadrats
over the years (Figure 108), but the differences in densities between depths
were significant (Table 78). Orange cup corals were more abundant at deeper
quadrat stations (15.5 to 18.5 m) (Table 79).
TABLE 75. Summary of Levels of Significance of Kruskal-Wal~is*
Tests on Invertebrates Quantified at Random 30-m
Arc Subtidal Stations, North Control, Diablo Canyon
Power Plant Site.
Between Between Between Depths
Years** Depths**
Species (All Depths) (All Years) 1974 1975 1976 1977
I
Tet!Jya aurant:ia 0.0244* 0.0000* 0.0761 0.0254* 0.0057* 0.0052 IV~
0'\
Ant!Jopleura xanthogran~ica 0.0041* 0.0000* 0.0598 0.0071* 0.0806 0.0036* I
Cancer antennarius 0.4838 0.1374 0.4091 0.1307 0.2679 0.5531
Astraea gibberosa 0.0001* O.OE72 0.5818 0.5146 0.0546 0.1496
Doriopsilla albopunctata 0.0218* 0.OU8 0.3050 0.3076 0.2060 0.8828
Haliot:is rufescens 0.1098 0.5712 0.7457 0.5946 0.2405 0.4563
Patiria miniat.a 0.1575 0.0000* 0.1314 0.0029* 0.0082* 0.2929
Pisaster giqa~teus 0.7299 O.OC13* 0.1791 0.1784 0.0210* 0.4921
Pycnopodia helianthoides 0.4136 0.0093* 0.1449 0.4898 0.2914 0.1985
Strongylocentrotus franciscanus 0.0049* 0.0£86 0.1977 0.3389 0.0854 0.7575
Styela montere~ensis 0.0000* 0.0053* 0.0484* 0.2559 0.1627 0.2113
* Si9nificance level (p ~ 0.05)
** 1974-1977
( ( ( <. (
( ( ( (
TABLE 76. Summary of Statistics for Tethya aurantia at Subtidal
Random 30-m2 Arc Stations, North Control. ncpp, 1974-1977.
974 1 9 7 5 1 9 7 6 1 9 7 7
--
Depth Range Sum - Sd N Sum - Sd N Sum x Sd N Sum x Sd Nx x
-t
N
o - 3.0 m 0 0 0 0 0 0 a a 1.0
-.J
3.1 - 6.1 m 9 1. 50 1.97 6 17 1.89 2.26 9 15 1.50 1.90 10 22 2.00 2.53 11
I
-' 6.2 - 9.2 m a 4 32 4.57 4.43 7 38 5.43 3.65 7 69 13.80 6.61 50e<:
I-
z 9.3 - 12.3 m 2 1.00 1.41 2 31 15 5.00 2.00 3 37 9.25 4.86 40 7.75 4.65 4
u
I 12.4-15.4m a a 24 12.00 4.25 2 77 25.67 7.09 3 21 10.50 4.95 2l-
e<:
0
z 15.5 - 18.5 m 12 0.00 1 20 20.00 0.006.00 4.24 2 23 11.50 7.78 2 34 34.00
COMBIrjED DEPTHS 23 1.64 2.62 14 127 5.29 5.11 24 179 7.46 10.05 24 169 7.35 6.91 23
TABLE 71. Summary of Statistics for Anthopleura xanthogrammlca at Subtidal Random 3o-m2 Arc Stations,
North Contro I. DCPP, 1974-1977.
1 974 197 5 1 976 1 977
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 0 0 0 0 0 0
3.1 - 6.1 m 37 6.17 6.11 6 101 11.22 5.02 9 254 25.40 26.34 10 353 32.09 24.87 11
..J
0
0: 6.2 - 9.2 m 13 3.25 2. 75 4 106 15.14 18.36 7 197 28.14 27.46 7 47 9.40 7.30 5I-
Z
0
U
::I: 9.3 - 12.3 m 0 2 1 0.25 0.50 4 38 12.67 6.50 3 17 4.25 2.22 4
l- I
0: N0 1.0z 12.4 - 15.4 m 0 0 1 0.50 0. 71 2 2 0.67 0.58 3 2 1.00 1.41 2 co
I
15.5 - 18.5 m 0 2 5 2.50 3.53 2 0 1 4 4.00 0.00
CO~ ItEO DEPTHS 50 3.57 4.82 14 214 8.92 11. 58 24 491 20.46 24.03 24 423 18.39 21.84 23
( ( ( (
( (
TABLE 78.
(
Summary of Levels of Significance
Tests on Invertebrates Quantified
Subtidal Stations, North Control.
(
of Kruskal-~lallis*
2at Random O.25-m
DCPP, 1976-1978.
(
Species
CNIOARIA
B-3.1:::r.Qphyl1ia
ele·qa.ns
Epiactis pr01ifera
:40LLUSCA
~4cmae~ mi tra.
Astr~ea gibberosa
Doriopsilla
alf::cpunct:rta
Haliatis rufescens
'~":'.- i _ " "C '--: :
l~lrii:..:.~
Serf '..1 lor ibis
S(i:1-3.·..-.,iqer:;.s
L'egul j bru.T2~... e..=j
~oni~el1a line~ta
ECH I NODER:·l,\P,
He .... £ i -; i.."i
levi"12cLi.la
P3.tiri:i miniat3.
3tr2~;ylocentrotus
fC.3.tlciSC::1r..llS
Between
Years**
(All Depths Combined)
0.4209
0.0854
0.1433
0.0219*
0.0044*
0.0747
O.OCC:J*
0.3438
0.2894
0.0337*
0.0001*
0.6068
0.0013*
Beto'/een
Depths**
(All Ye,rs Combined)
0.0000*
0.0000*
0.1282
0.4959
0.9233
0.7393
0.CCJ8*
0.0001*
0.0000*
0.2501
0.0020*
0.0002*
0.3450
1973
0.0000*
0.0101
0.0259*
0.5433
0.9547
1.0000
0.0014+
0.0107*
0.0029*
0.0237*
0.0204*
0.0398
0.2608
Between Depths
1977
0.0000*
0.0004*
0.3541
0.5478
0.3593
0.7419
0.1110
0.3966
0.0050*
0.4734
0.0204*
0.0782
0.2930
1978
0.0000*
0.0025*
0.1074
0.6307
0.8756
1.0000
0.1007
0.0002*
0.0000*
0.1869
0.2324
0.0611
0.9211
I
tv
'"
'"I
* Significance level ( < 0.05)
** 1976-1978
TABLE 79. Summary of Statistics for Ba1anophy11ia e1egans at Subtidal Random
0.25-m 2 Quadrat Stations, North Control. DCPP, 1976-1978
Depth Range Sum
1 976
x Sd N Sum
1 977
x Sd N Sum
197 8
x Sd N
0 - 3.0 m 1 0.25 0.50 4 0 8 0 10
3. 1 - 6. 1 m 12 0.86 2.21 14 47 1. 81 4.80 26 43 1. 34 3.88 32
6.2 - 9.2 m 109 7.7916.30 14 364 12.55 24.60 29 110 5.00 7.93 22
9.3 - 12.3 192 24.00 25.50 116 10.54 11.40 11 485 30.31 32.80 16 Im 8 w
0
0
12.4 - 15.4 m 201 28.71 19.50 7 12520.8311.30 6 55 13.75 4.30 4 I
15.5 - 18.5 m 91 91.00 0.00 1 164 41.00 29.80 4 547 45.58 42.30 12
COMBINED DEPTHS 606 12.62 21.73 48 816 9.71 18.84 84 1240 12.92 25.70 96
( ( ( . ( (
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Epiactis prolifera
The changes in mean density at 0.25-m2 quadrats were not significant
over the years (Figure 109, Table 78). Epiactis were more abundant at shallow
(0 to 6.1 m) quadrat stations (Table 80). These density differences between
depths were significant (Table 78).
ARTHROPODA
Cancer anntennarius
The change in the density of rock crabs at 30-m2 arcs was not
significant (Figure 110), nor was there a significant difference in density
between depths (Table 81).
MOLLUSCA
Acmaea mitra
The change in mean densities of Acmaea observed in 1978 at O.25-m2
quadrat stations was not statistically significant (Figure Ill, Table 78).
Acmaea were slightly more abundant at mid-depth 0.25-m2 stations, (9.3 to
12.3 m) but not significantly so (Tables 78 and 82).
Astraea gibberosa
TABLE 80. Summary of Statistics for Epiatis prolifera at Subtidal Random 0.25 Quadrat
Stations, North Control. DCPP, 1976-1978.
---~_...-._.
1 976 197 7 1 978 Iw
0
Depth Range Sum - Sd N )um - Sd N Sum
- Sd N ~
x x
x
o - 3.0 III 4 1.00 1.41 4 10 1. 25 1.39 8 39 3.90
4.70 10
3. 1 - 6.1 m 26 1.86 2.03 14 189 7.27 10.86 26 41
1.28 1. 73 32
6.2 - 9.2 m 8 0.57 1. 16 14 71 2.45 4.51 29 81
3.68 8.54 22
9.3 - 12. 3 I~ 0 8 0 11 7
0.44 0.81 16
12.4 - 15.4 m 0 7 1 0.17 0.40 6 0
4
15.5 - 18.5 10 0 I 0 4 0
12
COMBINED DEPTHS 38 0.79 1.49 48 271 3.23 7.12 84 168
1. 75 4.64 96
( ( ( ( {
( ( ( ( (
TABLE 81. Summary of Statistics for Cancer antennarius at Subtidal
Randonl 30-m2 Arc Stations, North Control. DCPP, 1974-1977.
1 9 7 4 1 975 1 9 7 6 1 9 7 7 I
w
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum Sd N 0x w
I
o - 3.0 m 0 0 0 0 0 0 0 0
3.1 - 6.1 m 1 0.16 0.41 6 5 0.56 0.73 9 8 0.80 0.92 10 4 0.36 0.67 11
6.2 - 9.2 m 0 4 0 7 1 0.14 0.38 7 3 0.60 0.89 5
9.3 - 12.3 m 0 2 0 4 0 3 1 0.25 0.50 4
12.4 - 15.4 m 0 0 1 0.50 0.71 2 2 0.67 1.15 3 0 2
15.5 - 18.5 m 1 0.50 Q.71 2 0 2 0 1 1 1.00 0.00 1
COMBINED DEPTHS 1 0.07 0.36 14 6 0.25 0.53 24 11 0.46 0.78 24 9 0.39 0.66 23
TABLE 82. Summary of Statistics for Acmaea mltra at Subtidal Random 0.25-m
2 Quadrat Stations,
North Contro I • OCPP, 1975-1978.
197 5 1 976 1 977 1 978
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 1 0.25 0.50 4 3 0.38 0.52 8 0
10
3.1 - 6.1 m 0 0 0 14 26 1.00 1.67 26 12 0.38 0.66 32
6.2 - 9.2 m 0 0 9 0.64 0.84 14 12 0.41 0.91 29 4 0.18 0.39 22
9.3 - 12.3 m 0 0 10 1.25 1.67 8 7 0.64 2.11 11 5 0.31 0.48 16
12.4 - 15.4 m 0 0 9 1.28 1.60 7 2 0.33 0.82 6 1 0.25 0.50 4
I
LV
0
15.5 - 18.5 m 0 0 0 1 0 4 0 12
.;:.
I
COMB , 1'£0 DEPTHS 0 0 29 0.60 1.10 48 50 0.60 1.34 84 22 0.23 0.49 96
( ( ( ( (
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There was a significant change in mean densities of red turban snails at
30-m2 arc stations from 1974 through 1977 (Figure 112, Table 75).
The mean densities at quadrats were identical in 1976 and 1977, but
declined in 1978 (Figure 113). This change over time was significant
(Table 78).
This snail seemed to be more abundant at mid-depth stations (6.2 to 9.2 m)
(Tables 83 and 84) at both arc and quadrat stations.
Doriopsilla albopunctata
The change in Doriopsilla mean densities at 30-m2 arc and O.25-m2
quadrat stations was significant (Figures 114 and 115, Tables 75 and 78).
There was little difference in densities between sampled depths (Tables 85 and
86).
Haliotis rufescens
The mean density of red abalones seemed to decline at 30-m2 arc
stations between 1974 and 1975, then increased (Figure 116), but these changes
were not statistically significant. Red abalones were not common at arcs or
quadrats at any depth (Figures 116 and 117, and Tables 87 and 88).
Homalopoma luridum
The changes in mean densities of Homalopoma at quadrats were statistically
significant (Figure 118, Table 78). Homalopoma were more common at deeper
TABLE 83. Summary of Statistics for Astraea gibberosa at Subtidal Random 30-m 2 Arc Stations,
North Control. DCPP, 1974-1977.
1 9 7 4 1 9 7 5 1 976 1 977
Depth Range Sum - Sd Sum - Srl N Sum - Sd N Sum - Sd Nx N x x x
0 - 3.0 III 0 0 0 0 0 0 0 o Iw
0
3. 1 - 6. 1 m 16 2.67 2.50 6 42 4.67 3.67 9 124 12.40 12.00 10 123 11.18 11.50 11 cr
6.2 - 9.2 m 5 1.25 2.50 4 113 16.14 17.00 7 153 21 .86 9.88 7 112 22.40 9.34 5
9.3 - 12.3 m 1 0.50 0.71 2 51 12.75 15.20 4 37 12.33 7.50 3 52 13.00 9.09 4
12.4 - 15.4 m 0 0 25 12.50 17.60 2 3 1.00 1. 00 3 31 15.50 0.71 2
15.5 - 18.5 m 2 1.00 1. 41 2 14 7.00 0.00 2 1 1.00 0.00 1 4 4,00 0.00 1
COMBINED DEPTHS 24 1. 71 2.20 14 245 10.21 12.20 24 318 13.2511.6624 331 14.39 10.48 23
( { ( ( (
( ( ( ( (
TABLE 84. Summary of Statistics for Astraea gibberosa at Subtidal Random 0.25 Quadrat
Stations, North Control. DCPP, 1976-1978.
1 9 7 6 197 7 197 8
-
Depth Range Sum - Sd N Sum - Sd N Sum - Sd Nx x X
I
LV
'0
~0 - 3.0 m 0 4 4 0.50 0.76 8 1 0.10 0.32 10 I
3. 1 - 6. 1 m 11 0.78 1. 05 14 13 0.50 1.07 26 5 0.16 1. 37 32
6.2 - 9.2 m 151.07 1. 73 14 22 0.76 1.21 29 5 0.23 0.53 22
9.3 - 12.3 m 2 0.25 0.46 8 70.641.03 11 6 0.38 0.62 16
12.4- 15.4 m 2 0.28 0.49 7 61.001.26 6 0 4
15.5- 18. 5 m 0 1 0 4 3 0.25 0.62 12
-
COMBINED DEPTHS 30 0.62 1. 16 48 52 0.62 1.07 84 20 0.21 0.48 96
TABLE 85. Summary of for Dorlopsilia albopunctata at Subtidal Random 3Q-m2 Arc Stations,
North Contro I. DCPP, 1974-1977.
1 974 197 5 1 976 1 977
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum )( Sd N
0 - 3.0 m 0 0 0 0 0 0 0 0
3. 1 - 6.1 m 7 1.17 1.16 6 26 2.89 2.89 9 25 2.50 3.50 10 75 6.82 4.81 11
6.2 - 9.2 m 25 6.25 5.67 4 49 7.00 5.83 7 36 5.14 3.62 7 51 10.20 7.19 5
9.3 - 12.3 m 4 2.00 2.83 2 9 2.25 3.86 4 11 3.67 2.10 3 32 8.00 8.49 4
12.4 - 15.4 m 0 4.00 1.41 2 20 10.00 8.49 2 8 2.67 3.06 3 16 8.00 8.49 2 I
w
0
15.5 - 18.5 m 8 4.00 1.41 2 12 6.00 7.00 2 14 14.00 0.00 1 12 12.00 0.00 1 00
I
Ca.lBINED DEPTHS 44 3.14 3.78 14 116 4.83 5.05 24 94 3.92 3.79 24 186 8.09 5.96 23
( ( \ t
( ( ( ( (
TABLE 86. Summary of Statistics for Dorlopsilia albopunctata at Subtidal Random 0.25 Quadrat Stations,
North Control. DCPP, 1976-1978.
1 9 7 6 1 977 1 9 7 8
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 4 3 0.38 1.06 8 1 0.10 0.32 10
3. 1 - 6.1 m 1 0.07 0.27 14 2 0.08 0.27 26 11 0.34 0.60 32
6.2 - 9.2 m 2 0.14 0.36 14 4 0.14 0.44 29 8 0.36 0.66 22
9.3 - 12.3 m 1 0.12 0.35 8 0 11 7 0.44 0.73 16
I
w
12.4 - 15.4 m 1 0.14 0.38 7 2 0.33 0.52 6 3 0.75 1.50 4 0\0
I
15.5 - 18.5 m 0 1 0 4 4 0.33 0.65 12
COMB INED DEPTHS 5 0.10 0.31 48 11 0.13 0.46 84 34 0.35 0.66 96
TABLE 87. Summary of Statistics for Hallotls rufescens at Subtidal Random 3O-m2 Arc Stations, North
Control. DCPP, 1974-1977.
1 9 7 4 197 5 1 976 197 7
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
-
0 - 3.0 m 0 0 0 0 0 0 0 0
3.1 - 6.1 m 11 1.83 3.60 6 4 0.44 0.01 9 6 0.60 1.26 10 24 2. 18 2.52 11
6.2 - 9.2 m 3 0.75 0.96 4 1 0.14 0.38 7 2 0.29 0.49 7 7 1.40 3. 13 5
9.3 - 12.3 m 2 1.00 1.41 2 0 4 2 0.70 0.60 3 1 0.25 0.50 4
I
12.4 - 15.4 m 0 0 0 2 0 3 3 1.40 2. 12 2 wI-'
0
15.5 - 18.5 m 0 2 1 0.50 0.70 2 0 1 0 I
CO~ INED DEPTHS 16 1.14 2.41 14 6 0.25 0.68 24 10 0.42 0.88 24 35 1.48 2.35 23
( ( ( ( (
( ( ( ( (
TABLE 88. Summary of Statistics for Haliotis rufescens at Subtidal Random 0.25 Quadrat
Stations, North Control. DCPP, 1976-1978.
1 9 7 6 1 9 7 7 197 8
Depth Range Sum - Sd N Sum - Sd N Sum - Sd Nx x X
I
w
a 4 10 ......a - 3.0 m 2 0.25 0.71 8 a ......
I
3. 1 - 6. 1 m a 14 1 0.04 0.20 26 a 32
6.2 - 9.2 m a 14 1 0.03 O. 18 29 a 22
9.3 - 12.3 m a 8 a 11 a 16
12.4- 15.4 m a 7 a 6 a 4
15.5- 18.5 m a 1 a 4 a 12
COMBINED DEPTHS a 48 4 0.05 0.26 84 a 96
TABLE 89. Summary of Statistics for Homalopome lurldum at Subtidal Random 0.25-m2 Quadrat Stations,
North Contro I• DCPP, 1975-1978.
197 5 1 976 1 977 1 978
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 0 4 16 2.00 2.20 8 15 1.50 1.65 10
3. 1 - 6.1 m 0 0 0 14 55 2.11 2.25 26 30 0.94 1.56 32
6.2 - 9.2 m 0 0 10 0.71 1.20 14 105 3.62 3.70 19 26 1.18 2. 15 22
9.3 - 12.3 m 0 0 16 2.00 1.31 8 44 4.00 4.90 11 32 2.00 2.78 16
12.4 - 15.4 m 0 0 9 1.28 1.70 7 37 6,,17 6,,97 6 6 1.50 2.38 4 Iw
I-'
0 0 0 1 0 4 1 0.08 0.29 12 IV15.5 - 18.5 m I
COM3I!£D DEPTHS 0 0 35 0.73 1.25 48 257 3.06 3.97 84 110 1.14 1.95 96
( ( ( ( (
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stations than at shallow stations (Table 89). The difference in densities
between depths was significant (Table 78).
Serpulorbis squamigerus
The increase in mean density of Serpulorbis in 0.25-m2 quadrats in 1978
was not significant (Figure 119, Table 78). Serpulorbis were more abundant at
the deeper 0.25-m2 quadrat stations (12.4 to 15.4 m) (Table 90). The K-W
test indicated that the differences in densities between depths were
significant (Table 78).
Tegula brunnea
Mean densities of Tegula seemed to increase at 0.25-m2 quadrats but the
change over time was not significant (Figure 120, Table 78). Brown turban
snails were more abundant in shallow quadrats (2 to 6.1 m) (Table 91). The K-W
test showed the differences in densities between depths to be significant
(Table 78).
Tonicella lineata
The mean density of lined chitons decreased in 0.25-m2 quadrats in 1978
(Figure 121). The change in mean densit,y over time was significant (Table 78).
There were no significant differences in depth distribution (Table 92).
ECHINODERMATA
Henricia leviuscula
( ( ( (
( ( ( ( (
TABLE 91. Summary of Statistics for Tegula brunnea at SUbtidal Random 0.25-m2 Quadrat Stations,
North Control. OCPP, 1975-1978.
197 5 1 976 1 977 1 978
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 12 3.00 3.16 4 20 2.50 2.39 8 33 3.30 2.50 10
3.1 - 6.1 m 0 0 25 1.79 1.31 14 71 2.73 4.00 26 75 2.34 2.20 32
6.2 - 9.2 m 0 0 13 0.93 1.80 14 62 2. 10 3. 10 29 26 1.20 1.50 22
9.3 - 12.3 m 0 0 1 0.13 0.35 8 4 0.36 0.50 11 7 0.44 0.63 16
12.4 - 15.4 m 0 0 0 0 4 I7 0 6 w
I-'
11l
15.5 - 18.5 m 0 0 0 1 0 4 0 12 I
CO~ INED DE PTHS 0 0 51 1.06 1.68 48 157 1.87 3.10 84 141 1.47 1.99 96
TABLE 92. Summary of Statistics for Tonlcella lineata at Subtidal Random 0.25-m2 Quadrat Stations,
North Contro I• DCPP, 1975-1978.
197 5 1 976 1 977 1 978
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 1 0.25 0.50 4 4 0.50 1.06 8 7 0.70 1.34 10
3. 1 - 6.1 m 0 0 4 0.29 0.83 14 29 1. 11 1.45 26 26 0.81 1.23 32
6.2 - 9.2 m 0 0 14 1.00 2.11 14 40 1.38 1.66 29 3 0.13 0.35 22
9.3 - 12.3 m 0 0 18 2.30 2.50 8 10 0.90 1.30 11 9 0.56 0.89 16
12.4 - 15.4 m 0 0 13 1.85 1.46 7 5 0.83 0.75 6 3 0.75 0. 95 4 I
w
15.5 - 18.5 m 0 0
I-'0 1 2 0.50 1.00 4 12 1.00 1.76 12 0"\
I
COMB It-ED DEPTHS 0 0 50 1.04 1.80 48 90 1.07 1.42 84 60 0.63 1.14 96
( ( ( (
--
-
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The mean densities of Henricia increased in 1977 and then decreased in 1978
at 0.25-m2 quadrats; the changes over time were significant (Figure 122,
Table 78). Henricia were more abundant at shallow quadrat stations (0 to 6.1
m), (Table 93). The differences in densities between depths were significant
(Table 18).
Patiria miniata
The changes in mean density of Patiria at 30-m2 arc and 0.25-m2
quadrat stations were not significant (Figures 123 and 124, Tables 15 and 18).
Patiria were more abundant at the deeper arc and quadrat stations (12.4 to 15.4
m) (Tables 94 and 95). The K-W test indicated that the differences in
densities between depths were significant (Tables 15 and 18).
Pisaster giganteus
Giant-spined sea stars' mean density appeared to decline at arc stations
during the study (Figure l25),but the change over time was not significant
(Table 15). Giant-spined sea stars were more abundant at deeper arc stations
(Table 96).
Pycnopodia helianthoides
Sunflower stars' mean density at 30-m2 arc stations varied little over
the stuQy period (Figure 126). In the density/depth comparison, the
differences in densities were significant (Table 15). Sunflower stars were
more abundant at deeper stations (12.4 to 18.5 m) (Table 91).
TABLE 93. Summary of Statistics for Henrlcla levluscula at Subtidal Random 0.25-m2 Quadrat Stations,
North Contro I• DCPP, 1975-1978.
1 975 1 976 1 977 1 978
Depth Range Sum X Sd N Sum X Sd N Sum i Sd N Sum ·x Sd N
0 - 3.0 m 0 0 2 0.50 0.57 4 16 2.00 1.50 8 8 0.80 0.79 10
3.1 - 6.1 m 0 0 16 1.10 1.00 14 35 1.34 1.29 26 19 0.59 0.87 32
6.2 - 9.2 m 0 0 4 0.29 0.47 14 41 1.40 1.60 29 9 0.41 0.80 22
9.3 - 12.3 m 0 0 0 8 7 0.64 1.00 11 3 O. 19 0.54 16
12.4 - 15.4 m 0 0 2 0.29 0.76 7 4 0.67 0.52 6 3 0.75 0.96 4 I
w
15.5 - 18.5 m 0 0 0 1 1 0.25 0.50 4 5 0.41 0.67 12
......
co
I
COMB INED DEPTHS 0 0 24 0.50 0.80 48 104 1.20 1.40 84 47 0.49 0.78 96
( ( ( ( (
( ( ( ( (
TABLE 94. Summary of Statistics for Patiria miniata at
Subtidal Random 30--m2 Arc Stations, North
Control. DCPP, 1974-1977.
TABLE 95. Summary of Statistics for Patlrla mlnlata at Subtidal Random 0.25-m2 Quadrat Stations,
North Contro I • DCPP, 1975-1978.
197 5 1 976 1 9 7 7 1 978
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 4 1.00 1.40 4 4 0.50 0. 53 8 I 0.10 0.32 10
3.1 - 6.1 m 0 0 7 0.50 1.30 14 14 0.54 0.86 26 19 0.59 0.95 32
6.2 - 9.2 m 0 0 12 0.86 1.03 14 34 1.17 1.23 29 17 0.77 0.81 22
9.3 - 12.3 m 0 0 11 1.38 2.00 8 9 0.82 1.40 11 17 1.06 2.00 16
12.4 - 15.4 m 0 0 8 1.14 0.38 7 10 1.67 1.03 6 5 1.25 0.96 4 I
LV
tv
15.5 - 18.5 m 0 0 3 3.00 0.00 1 8 1.00 0.81 4 12 1.00 1.34 12 0
I
COMB INED DEPTHS 0 0 45 0.94 1.31 48 75 0.89 1.09 84 71 0.74 0.97 96
( ( ( (
( ( ( ( (
TABLE 96. Summary of Statistics for Pisaster giganteus at
Subtidal Random 30-m2 Arc Stations. North Control.
DCPP, 1974-1977.
1 9 7 4 1 9 7 5 197 6 1 9 7 7
I
W
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N N~
I
o - 3.0 m 0 0 0 0 0 0 0 0
3.1 - 6.1 m 5 0.83 2.04 6 5 0.56 0.73 9 10 1.00 1.63 10 16 1.45 1.69 11
6.2 - 9.2 m 24 6.00 4.55 4 13 1.86 1.35 7 7 1.86 1.35 7 3 0.60 0.55 5
9.3 - 12.3 m 13 6.50 9.19 2 22 5.50 7.19 4 7 2.30 1.50 3 8 2.00 3.37 4
12.4 - 15.4 m 0 0 4 2.00 2.83 2 23 7.67 3.21 3 7 3.50 3.53 2
15.5 - 18.5 m 17 8.50 6.36 2 5 2.50 2.12 2 5 5.00 0.00 1 3 3.00 0.00 1
COMBL'ffiD DEPTHS 59 4.21 5.09 14 49 2.04 3.30 24 52 2.17 2.73 24 37 1.61 2.04 23
TABLE 97. Summary of Statistics for Pycnopodia he1ianthoides
at Subtidal Random 30-m2 Arc Stations, North Control.
DCPP, 1974-1977.
1 974 1 9 7 5 197 6 1 9 7 7
Depth Range Sum it Sd I N Sum x Sd N· Sum x Sd N Sum it Sd N
o - 3.0 m 0 0 0 0 0 0 0 0 Iw
IV
IV
3.1 - 6.1 m 6 1.00 1.26 6 8 0.89 0.60 9 12 1.20 1.23 10 7 0.64 0.67 11 I
6.2 - 9.2 m 13 3.25 1.71 4 11 1.57 1.99 7 5 0.71 0.76 7 10 2.00 2.12 5
9.3 - 12.3 m 6 3.00 1.41 2 6 1.50 1.29 4 6 2.00 1.00 - 3 6 1.50 1.00 4
12.4 - 15.4 m 0 0 11 5.50 6.36 2 8 2.67 2.52 3 4 2.00 1.41 2
15.5 - 18.5 m 4 2.00 0.00 2 4 2.00 1.41 2 2 2.00 0.00 1 3 3.00 0.00 1
COmINEl) DEPTHS 29- 2.07 1.59 14 40 1.67 2.18 24 32 1.33 1.34 24 31 1.35 1.33 23
( ( ( (
'-'
-
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Strongylocentrotus franciscanus
The differences in mean densities of red sea urchins at arc and quadrats
were significant (Figures 127 and 128, Tables 75 and 78). There were
significant differences in densities between depths (Tables 98 and 99).
CHORDATA
Styela montereyensis
The mean density of Styela at arc stations increased until 1976, then
declined slightly (Figure 129). Results of the Kruskal-Wa11is test of the
change in densities was significant (Table 75). Highest mean densities were
observed at arc stations in depths of 9.3 to 12.3 m (Table 100). The
differences in density at depths were significant (Table 75).
C. Comparison of Study Areas
PORIFERA
Tethya aurantia
The comparison of densities at 30-m2 arcs with the Kruska1-Wallis test
yielded no significant difference over time between North Diablo Cove and South
Diablo Cove (Table 101). However, the densities of Tethya aurantia were
significant different when North Control and Diablo Cove 30-m2 arc stations
were compared; Tethya was more abundant at North Control arc stations.
TABLE 98. Summary of Statistics for Strongylocentrotus
franciscanus at Subtidal P~ndom 30-m2 Arc
Stations, North Control. DCPP, 1974-1977.
1 9 7 4 1 9 7 5 1 9 7 6 !...LL2.
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum ~ Sd N
I
o - 3.0 m 0 0 0 0 0 0 0 0 WN
of:>.
3.1 - 6.1 m 46 7.67 10.11 6 14 1.56 1.67 9 33 3.30 3.56 10 19 1.72 2.93 11 I
6.2 - 9.2 m 496 124.00 116.08 4 60 8.57 10.58 7 18 2.57 2.82 7 13 2.60 3.97 5
9.3 - 12.3 m 18 9.00 11.31 2 10 2.50 3.32 4 0 3 12 3.00 3.56 4
12.4 - 15.4 m 0 0 9 4.50 2.12 2 23 7.67 6.43 3 0 2
15.5 - 18.5 m 148 74.00 43.84 2 13 6.50 6.36 2 22 22.00 0.00 1 1 1.00 0.00 :t
COMBINED DEPTHS 708 50.57 78.52 14 106 4.42 6.56 24 96 4.00 5.42 24 45 1.96 3.04 23
( ( ( (
( ( { ( (
TABLE 99. Summary of Statistics for Strongylocentrotus franclscanus at Subtidal Random 0.25-m2 QUadrat
Stations, North Control. DCPP, 1975-1978.
197 5 1 9 7 6 1 977 1 978
Depth Range Sum x Sd N Sum x Sd N Sum x Sd N Sum x Sd N
0 - 3.0 m 0 0 0 4 9 1.12 1.36 8 3 0.3 0.67 10
3.1 - 6.1 m 0 0 3 0.21 0.43 14 13 0.50 1.24 26 5 O. 16 0.37 32
6.2 - 9.2 m 0 0 27 1.92 5.17 14 12 0.41 0.63 29 4 0.18 0.50 22
9.3 - 12.3 m 0 0 0 8 6 0.55 0.93 11 3 O. 18 0.53 16
12.4 - 15.4 m 0 0 0 7 4 0.67 0.82 6 0 4 I
w
IV
15.5 - 18.5 m 0 0 0 0 1 0 4 1 0.08 0.29 12 U1
I
COMB INED DEPTHS 0 0 30 0.62 2.86 48 44 0.52 0.98 84 16 0.16 0.45 96
TABLE 100. Summary of Statistics for Styela montereyensis at Subtidal Random 3Q-m2 Arc Stations, North
Contro I. OCPP, 1974-1977.
1 974 197 5 1 976 197 7
Depth Range Sum - Sd N Sum x Sd N Sum Sd N Sum Sd Nx x x
0 - 3.0 m 0 0 0 0 0 0 0 0
3.1 - 6.1 m 0 6 12 1.33 2.40 9 61 6.10 10.01 10 47 4.27 4.90 11
.-J
0 6.2 - 9.2 m 7 1.75 2.87 4 13 1.86 2.34 7 34 4.86 2.67 7 38 7.60 4.39 50:::
I-
Z
0
u 9.3
- 12.3 m 6 3.00 2.83 2 22 5.50 4.80 4 71 23.67 10.00 3 60 15.00 14.88 4
:I:
I-
0:::
0 12.4 - 15.4 m 0 0 1 0.50 0.71 2 23 7.67 5.50 3 7 3.50 2.12 2z
I
w
15.5 - 18.5 m 0 2 1 0.50 0.71 2 2 2.00 0.00 1 4 4.00 0.00 1 N
0"1
I
COMB INED DEPTHS 13 0.93 1.98 14 49 2.04 3.03 24 191 7.96 9.52 24 156 6.78 7.86 23
( ( ( <-
--
-
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CNIDARIA
Anthopleura xanthogrammica
The difference in densities of Anthopleura at the 30-m2 arcs between
North and South Diablo Cove was significant (p ~ 0.05) in 1975 and for all
years combined (Table 101). There was no significant difference in densities
when we compared Diablo Cove arc stations with North Control arc stations
(Table 101).
Balanophyllia elegans
There was not a significant difference in 0.25-m2 quadrat densities
between North and South Diablo Cove (Table 102). There was also no significant
difference over time between Diablo Cove quadrat densities and North Control
quadrat densities when all years (1976-1978) combined were tested.
Epiactis prolifera
When we tested the quadrat densities of Epiactis between North and South
Diablo Cove, for all years combined, there was not a significant difference
(Table 102). There was a significant difference (p ~ 0.05) in densities
between the North Control and Diablo Cove quadrats but only in 1976.
ARTHROPODA
TABLE 101. Summary of Levels of Significance of Kruskal-Wat 115, and Mann-Whitney (M-W) Tests Comparing
Study Areas for Invertebrates at Random 3Q-m2 Subtidal Stations. Diablo Cove and
North Control. DCPP, 1974-1977.
North Control and Diablo Cove North Diablo Cove and South Diablo Cove
Species
1974 1975
(K-W) (K-W)
1976
(K-W)
All Years
1977 Combl ned
(K-W) (K-W)
1974
(M-W)
1975
(M-W)
1976
(M-W)
All Years
1977 Combined
(M-W) (M-W)
PORIFERA
Tethya aurantla
CNIDARIA
Anthopleura xanthogrammlca
ARTHROPODA
Cancer antennarlus
MOLLUSCA
Astraea glbberosa
Dorlopsilia albopunctata
Hallotls rufescens
ECHINODERMATA
Patlrla mlnlata
Pisaster glganteus
Pycnopodla hellantholdes
Strongylocentrotus franclscanus
CHCRDATA
Styela montereyensls
* Significance level (p ~ 0.05).
0.3264 0.0960 0.0098* 0.0135* 0.0011* 1.0000 0. 4210 0.0999 0. 7433 0.5480
0.8151 0.4747 0. 1070 0. 1074 0.0718 0.4340 0.0025* 0.9768 0.0874 0.0158*
I
w
N
0.9397 0. 0473* 0.8497 0. 7038 0.4069 0.2037 0. 5784 0.1298 0.8192 0.4809 00I
0.0062* O. 1658 0.0115* 0.0000* 0.0051* 0.4371 0.5034 0. 1967 0.0749 0. 0297*
0.9246 0.8434 0.0468* 0.0024* 0.0079* 0.2118 0.1296 0.4212 0.3955 0.0230*
0.1935 0.4509 0.6210 0.0307* 0.0180* 0.2037 0.3173 0.2301 0.9290 0.6514
0.3825 0.0664 0.0948 0.0554 0. 1805 0.0707 0.0141* 0.3550 0. 1190 0.0011*
0.2114 0.4519 0.5452 0.4806 0.0869 0.1952 0.0036* 0.5704 0.2448 0.0031*
0.8129 0.5764 0.4015 0.6272 0.9099 0.1201 0.4414 0.3770 0. 2217 0.0453*
0.0190* 0.5474 0.4969 0.7724 0.4154 0.1213 0.0265* 0.0334* 0.0545 0.0033*
0.1297 0. 5627 0.3629 0. 9234 0.6572 0.3865 0.2179 0. 5436 0.4843 0.5222
( ( ( (
( ( ( ( (
TABLE 102. Summary of Levels of Significance of Kruskal-Wal Ils* Tests Comparing Study Areas for
Invertebrates at Random 0.25-m2 Subtidal Stations. Diablo Cove and North Control.
DCPP, 1976-1978.
North Control and Diablo Cove North Diablo Cove and South Diablo Cove
All Years All Years
Spec! es 1976 1977 1978 Combined 1975 1976 1977 1978 Combined
CNIDARIA
Balanophyilia elegans 0.0466* 0.9378 0.9595 0.9442 0.7399 0.9264 0.6967 0.6486 0.3365
Eplactls prollfera 0.0096* 0.8807 0.9073 0.6885 0.0646 0.2018 0.4642 0.5412 0.3712
MOLLUSCA I
Acmaea mltra 0.0708 0.2207 0.0185* 0.0002* 0.9023 0.3137 0. 0830 0. 7991 0.5385 w
------
N
Astraea glbberosa 0.0082* 0.0001* 0.9112 0.0004* 0.0270* O. 1755 0.0792 0.4532 0.2810 1..0I
Dorlopsl I la albopunctata 0.0986 0.2620 0.2449 0.0160* 0.4386 0.3276 0. 1676 0.4915 0. 7892
Hallotls rufescens 1.0000 0.8406 1.0000 0.6416 0.4386 1.0000 0.9831 1.0000 0.7144
Homalopoma lurldum 0.0240* 0.6093 0.0001* 0.0077* 0.3342 0.1050 0.4612 0. 0002* 0.0001 *
Serpulorbls squamlgerus 0.0628 0.2344 0.6272 0.7277 0.7943 0.9854 0.2530 0.23n 0.1706
Tegu Ia brunnea 0.0030* 0.0558 0.4706 0.0003* 0.1660 0.2219 0. 0228* 0.0403* 0.0029*
Tonlcella Iineata 0.9133 0.0179* 0.5741 0.6902 0.0339* 0.6384 0.0170* 0.1895 0.0045*
ECH INODERo1ATA
Henrlcla levluscula 0.3847 0.0000* 0.0791 0.0000* 0.4697 0.3129 0.0010* 0.0614 0.0009*
Patlrla mlnlata 0.0294* 0.7960 0.6489 0.8154 0.8389 0.5976 0.0015* 0.3689 0.0042*
Stronglyocentrotus franciscan 0.2684 0.0030* 0.1431 0.0214* 0.5444 0.3579 0.8891 0.0509 0. 1519
* Significance level (p ~ 0.05).
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Cancer antennarius
The densities of rock crabs at 30-m2 arc stations in Diablo Cove and
the North Control were not significant different except in 1975. When
densities at 30-m2 arcs in North and South Diablo Cove were compared for
individual years and all years combined, no significant differences were found
(Table 101).
MOLLUSCA
Acmaea mitra
When we tested for differences in densities of Acmaea between North Control
and Diablo Cove 0.25-m2 quadrats, the Kruskal-Wallis test results indicated
a significant difference (Table 102); Acmaea were more abundant in Diablo Cove
(Figures 84 and 111). This test did not yield a significant difference between
South and North Diablo Cove.
Astraea gibberosa
The Kruskal-Wallis test result for differences in densities of Astraea
between North and South Diablo Cove 30-m2 arc stations was significant for
all years combined (Table 101). They were more abundant in South Diablo Cove
(Figure 85). This same test for the O.25-m2 quadrat data yielded a
significant difference only for the first year of sampling in 1975 (Table 102);
again Astraea were more abundant in South Diablo Cove (Figure 86). When we
tested Astraea density differences between North Control and Diablo Cove, the
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Kruskal-Wallis test indicated significant (p ~ 0.05) differences for 30-m2
arc and 0.25-m2 quadrat data (Tables 101 and 102); except for the 1978
quadrat stations, Astraea were more abundant at North Control arc and quadrat
stations (Figures 85, 86, 112, and 113).
Doriopsi11a albopunctata
Doriopsilla densities at 30-m2 arcs and 0.25-m2 quadrats were
significant~ different when we compared North Control with Diablo Cove for all
years combined (Tables 101 and 102); they were more abundant in the North
Control (Figures 87, 88, 114,and 115). The nudibranchs were significantly (p ~
0.05) more abundant at North Diablo Cove 30-m2 arc station than at the
South Diablo Cove arcs for all years combined (Table 101).
Haliotis rufescens
The Kruska1-Wal1is test for significant differences in densities of red
abalone between study areas did not produce significant results when North and
South Diablo Cove arc and quadrat stations were tested(Tables 101 and 102).
The Kruska1-Wal1is test did not indicate a significant difference in red
abalone densities at 30-m2 arcs when North Control and Diablo Cove stations
were compared (Table 101), although red abalone appeared to be more abundant in
the North Control (Figures 90 and 116).
Homalopoma luridum
Densities of dwarf turban snails were higher in Diablo Cove quadrats than
in North Control quadrats; this difference in densities was significant
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(Table 102). Dwarf turban snails were also more abundant in South Diablo Cove
quadrats than in North Diablo Cove quadrats (Figure 92). The difference in
density was significant (Table 102).
Serpulorbis squamigerus
There were no significant differences in densities between Diablo Cove and
North Control quadrats or between Diablo Cove and North Control arc stations
(Table 102).
Tegula brunnea
Brown turban snails were more abundant at North Control quadrats than at
Diablo Cove quadrats (Figures 94 and 120). This difference in densities was
significant (Table 102). Tegula were consistantly more abundant over the years
in North Diablo Cove quadrats than in South Diablo Cove quadrats (Figure 94);
this difference was also significant (Table 102).
Tonicella lineata
In comparing study area densities of lined chitons at 0.25-m2 quadrats,
we found that the differences between North and South Diablo Coves and between
North Control and Diablo Cove were significant (Table 102). Lined chitons were
more abundant in Diablo Cove (Figures 95 and 121).
ECHINODERMATA
-333-
Henricia leviuscula
The comparison of densities of Henricia for all years combined between
South and North Diablo Cove quadrats and Diablo Cove and North Control quadrats
yielded a significant difference (Table 102); they were more abundant at North
Diablo Cove and North Control quadrats, respectively (Figure 97).
Patiria miniata
When we compared densities of sea bats between North Control and Diablo
Cove 30-m2 arcs for all years combined, the difference was not significant.
There was, however, a significant difference in densities at 30-m2 arcs
between South and North Diablo Cove (Table 101). There was also a significant
difference in sea bat densities between South and North Diablo Cove 0.25-m2
quadrats (Table 102). Sea bats were more abundant in North Diablo Cove (Figure
99).
Pisaster giganteus
Giant-spined sea stars were significantly more abundant at North Diablo
Cove 30-m2 arcs than in South Diablo Cove arcs (Table 101). However, the
densities in Diablo Cove arcs were not significantly different from the North
Control arcs.
Pycnopodia helianthoides
Sunflower stars were significantly more abundant at North Diablo Cove
30-m2 arcs than at South Diablo Cove arcs (Figure 102, Table 101).
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Strongylocentrotus franciscanus
Comparing the densities at 30-m2 arc stations of red sea urchins
between stuqy areas using the Kruskal-Wallis test we found significant
differences between South and North Diablo Cove (Table 101); they were more
abundant in North Diablo Cove. The 0.25-m2 quadrat counts yielded a
significant difference between North Control and Diablo Cove (Table 102); they
were more abundant in Diablo Cove (Figures 104 and 128).
CHORDATA
Styela montereyensis
Stalked tunicate densities at 30-m2 arcs in North and South Diablo
Coves were not significantly different, nor were the densities between Diablo
Cove and North Control (Table 101).
Discussion
The impacts of man's activities, i.e., testing of cooling water pumps, and
natural causes, i.e., siltation, sea otter foraging, and red tides, have
contributed to many of the changes that we have observed in Diablo Cove and our
control areas since 1973. Some of these changes have, in turn, forced us to
reject our null hypotheses for several species. It seems best then, in our
discussion of the results of the subtidal invertebrates studies, to do so in
terms of each of the original hypotheses and to attempt to relate the
reflection of a particular hypothesis for a species to the impacts and changes
that we have observed.
..,/
-
-'-
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Null Hypothesis 1-- Comparability of Study Areas
We assumed that the mean densities of the selected species at random
stations in North and South Diablo Cove would not be significantly different,
nor would the combined densities differ significantly from North Control mean
densities. The Kruskal-Wallis test comparing Diablo Cove with North Control
for all study years yielded significant differences (p ~ 0.05) in mean
densities for Tethya aurantia and Ha1iotis rufescens at arc stations; and
Astraea gibberosa and Dendrodoris albopunctata at arc as well as quadrats
stations (Tables 103 and 104). There was also significant differences in mean
densities at quadrat stations for Acmaea mitra, Homalopoma luridum, Tegula
brunnea, Henricia leviuscula and Strongylocentrotus franciscanus (Table 104)
when Diablo Cove was compared to North Control. We feel that most of these
differences in abundance between the two study areas were due to difference in
habitat. For example, Tethya was more abundant at North Control arc stations
which are more exposed. The open coast of the North Control probably provides
more drifting food to this suspension filter feeder because of greater water
movement.
From our observations, red abalone are more abundant in the North Control
because there appears to be more suitable substrate in the form of low-profile
rocky reefs with many undercuts and crevices. This bedrock habitat also
appears to be more stable and less subject to movement during storm seas than
wlch of the substrate in Diablo Cove. In the North Control, the average
percentage of solid rock, boulders and cobble recorded at random arc stations
in depths less than 7.6 m was 76, 8 and 1 percent, respectively. In North
Diablo Cove, the percentages were 85, 6 and 3 percent; and in South Cove, the
percentages were 77, 3, and 6 percent (Figure 70).
TABLE 103. Summary of Null Hypotheses Tests for Invertebrates Counted at Subtidal Random 3Q-m2
Arc Stations, Diablo Cove and North Control. DCPP, 1974-1977. (R= Rejection of
Null Hypothesis).
Nu I I Hypotheses
Species
Comparab II Ity of
Study Areas
SDC vs. NDC DC vs. NC
2
Temporal
Stability of
Study Areas
SOC ~ /IC
3
Comparability
of Depth
Distribution
SDC NDC /IC
4
Temporal Stability
Within a
Samp II ng Per lod
DC NC
PORIFERA
Tethya aurantla
CNIDARIA
Anthopleura xanthogrammlca
ARTHROPODA
Cancer antennarius
R
R
R
R
R
R
R
R
I
LV
LV
0"1
I
MOLLUSCA
Astraea glbberosa
Dorlopsilia albopunctata
Hallotls rufescens
R
R
R
R
R
R
R
R (I) R (2)
R (1)
ECH INODERMATA
Patlrla mlnlata R R R
Plsaster glganteus R R R
Pycnopodla hellantholdes R R R
Stro~locentrotus franclscanus R R R R R
CHORDATA
Styela mont~~ensls R R R R R R
) Indicates the number of seasons that were significantly dIfferent.
\. ( ( ( (
( ( ( ( (
TABLE 104. Summary of Null Hypotheses Tests for Invertebrates
Quadrat Stations. Diablo Cove and North Control.
Null Hypothesis).
Counted at Subtidal Random O.25-m2
DCPP, 1976-1978. (R= Rejection of
Null Hypotheses
2 3 4
Temporal Canparability Temporal Stability
Comparab III ty of Stability of of Depth Within a
Study Areas Study Areas 01 str Ibut Ion Samp II ng Per lod
Specl es SOC vs. NDC DC vs. NC SOC I\OC NC SOC I\OC t'C DC NC
CNIOARIA
Balanophyilia elegans R R R R R (2) R (2)
Eplactis_ prollfera R R R R R (I) R (1)
I
w
W
-...J
MOLLUSCA I
Acmaea mltra R R R R (1)
------Astraea glbberosa R R R
Dorlopsilia albopunctata R R R R (I)
Hallotls rufescens
Homalopoma lurldum R R R R R R R (1) R (2)
Serpulorbls squamlgerus R R R (1)
Tegula brunnea R R R R R R R (I) R (2)
Tonlcella Iineata R R R R R (1)
ECH INOOER04ATA
Henrlcla levluscula R R R R R (2)
Patlrla minlata R R R R R
Stronglyocentrotus franclscanus R R
( ) Indicates the number of seasons that were significantly different.
-338-
The fact that red abalone were apparently more abundant at North Control
subtidal random stations than in Diablo Cove after more than a year of foraging
by sea otters whose monthly mean numbers ran as high as 40 animals in 1974
(Gotshall et a1. 1974) suggests that abalone were possibly more abundant in
North Control than in Diablo Cove before the sea otters arrived. The group of
sea otters that foraged in Diablo Cove in 1974 was similar (highest monthly
average count was 13 in June 1974) and their prolonged foraging in the Cove
lasted only six months. Unfortunately, our random subtidal surveys did not
begin until June 1974, so we can only speculate on abalone abundances before
1974. To add to the problem, three potentially major impacts on the Diablo
Cove subtidal plant and animal communities occurred during the time we were
completing our initial random surveys: sea otter foraging, the discharge of
copper corrosion products during the cooling water pump tests, and a red tide.
We also suspect that at least some of the differences in mean densities of
other invertebrates, such as Astraea and Strongy10centtrotus, between Diablo
Cove and North Control were due to the sea otters and possibly the discharge of
copper corrosion products and the red tide.
In 1974, after completing our summer surveys of random subtidal stations,
we determined there were differences between North and South Diablo Cove, both
in habitat and in densities of some of the species we were quantifying. In
1975, we divided the Cove into north and south sections, and the random
stations were divided equally between the two sections. When the mean
densities in the two areas of the Diablo Cove were compared using the Kruskal-
Wallis test, significant differences (p ~ 0.05) for several of the animals and
plants were confirmed. At random arc stations, Anthopleura xanthogrammica,
Doriopsil1a a1bopunctata, Patiria miniata, Pisaster giganteus, Pycnopodia
helianthoides, and Strongylocentrotus franciscanus were more abundant at North
"-
'-'
-
-
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Diablo Cove stations than that at South Diablo Cove stations, while Astraea
gibberosa was more abundant in South Diablo Cove. The differences in mean
densities of these seven animals, in South Diablo Cove and North Diablo Cove,
was significant (Table 103). Assuming sea otter foraging in 1974 was equally
divided between the two sections of the Cove, the reasons for these differences
can be attributed to natural causes, such as differences in substrate
(Figures 70 and 71), the occurrence of red tide conditions observed in the fall
of 1974, and possibly the discharge of copper corrosion products during the
1974 cooling-pump tests. South Diablo Cove differs physically from North
Diablo Cove in several important ways: the water circulation in the Cove has
been shown to favor a north-to-south flow and the configuration in the
southeast corner supports a circular movement (or gyre) of the water during
cooling water pump operation; otherwise, water movement is often sluggish,
allowing sediments and drift objects to accumulate (Warrick 1974). The random
subtidal arc stations in South Diablo Cove were composed of an average of 17
percent sand, while in the north portion of the Cove, the average was 6 percent
(Figures 70 and 71). Because of the configuration of the Cove, the north
portion usually receives more wave energy. In South Diablo Cove, Diablo Rock
and Diablo Point provide more protection from most storm waves, thus the
quieter waters create a sediment trap. These conditions also tended to
concentrate the copper corrosion products and the bloom of red tide in South
Diablo Cove in the summer and fall of 1974. All of the above factors influence
the species and density of invertebrates in South Diablo Cove.
In summary, although there were significant differences in mean densities
of some species between study areas this should not prevent us from using these
animals or plants to detect changes during the operational phase of the power
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plant. As long as the selected populations of animals and plants are "stable"
within study areas, area comparisons can be made legitimately.
Null Hypothesis 2--Temporal Stability of Study Areas
This hypothesis focuses on the stability of the populations during the
study period and assumes no significant changes in abundance neither decreases
nor increases. The Kruskal-Wallis tests for densities at the arc stations
indicated that more animals had significant changes in abundance at North
Control stations over the years, than at either North or South Diablo Cove
stations (Table 103). Six of the selected species in North Control showed
significant changes in mean densities, of these, Tethya, Anthopleura, Astraea,
Doriopsilla, and Styela increased in abundance at North Control random arc
stations between 1974 and 1977 (Table 103).
We suspect that for many species in Diablo Cove these changes in density
were the direct or indirect result of sea otter foraging. The sharp decline in
red sea urchins, a major forager on brown algae in our study areas, has
resulted in a corresponding increase in abundance of at least three species of
brown algae, Laminaria, Pterygophora, and Nereocystis (bull kelp). Some of the
increases in densities may be due to increased diver recognition of a
particular species with increasing experience.
The quadrat station results in the North Control supported the increases
noted at arc stations for Astraea and Dendrodoris numbers, and the decrease
noted in giant red sea urchin numbers. Fluctuations in density were also
significant for Homalopoma, Tonicella, and Henricia at quadrats (Table 104).
-
-
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Only two species showed significant changes in density over time at North
and South Diablo Cove arc stations: red sea urchins, and Styela montereyensis
(Table 103). Sea otter foraging was most likely responsible for the sharp
decline in red sea urchin numbers, while the increase in Styela was probably
.
due to an increase in available habitat or some other factor that provided for
higher survival. We have speculated in past reports that the disappearance of
red sea urchins in the southeast corner of Diablo Cove might also have been
caused by the 1974 red tide conditions, or the release of copper corrosion
products during the cooling pump testing or even possibly because of a
synergistic effect of both phenomena (Gotshall et al. 1976). The fact that
red urchins were completely absent from 8 of 12 North Diablo Cove arcs after
the 1974 surveys, and also at permanent stations 10 and 16 located in the south
corner of South Diablo Cove (see Subtidal Permanent Station Studies sections)
in 1975, lends support to another cause of mortality in South Diablo Cove in
addition to sea otter foraging.
There is little doubt that the increase in Laminaria and pte~gophora at
random arc stations in Diablo Cove were the direct result of the severe
decline in red sea urchin numbers.
The data for red urchins from the random 0.25-m2 quadrats in North and
South Diablo Cove did not follow the pattern observed at arc stations (Figures
103 and 104). This might be due to the fact that most of the decline in
density at arc stations occurred in 1974, and that counts at arc stations of
red sea urchins were limited to mature adults and large sub-adults while at
quadrats, most of the red sea urchins we encountered were small juveniles. In
other words, the population of zero-, one- and two-year-old red sea urchins may
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urchins may not be preyed on Qy sea otters. Another interesting, but a
puzzling fact emerged from analysis of the quadrat samples. That is, these
juvenile red sea urchins were slightly more abundant at South Diablo Cove
quadrats than at North Diablo Cove quadrats (Figure 104). Possibly the changes
in algae abundance favored the survival of larval red sea urchins in 1975, 1976
and 1977. It is also quite possible that the apparent differences are due
entirely to the sampling error biases and random variation.
The decline of Astraea at South Diablo Cove random quadrats followed an
apparent decline at random arcs (Figures 85 and 86). The change in abundance
in the quadrats was significant while the change in the arcs was not (Tables 48
and 52). We suspect that this decline may in part be due to the release of
copper and also the "red tide", as well as sea otter foraging. The
Kruskal-Wallis test results indicated significant changes in abundance for five
invertebrates in South Diablo Cove and for four invertebrates in North Diablo
Cove. Acmaea mitra and Patiria miniata decreased in mean densities in South
Diablo Cove quadrats while Doriopsilla, Homalopoma, and Tegula increased in
abundance. In North Diablo Cove, Tegula abundance increased, Balanophyllia
densities decreased, and densities of Epiactis increased then decreased at
North Diablo Cove quadrats. Also in North Diablo Cove Tonicella declined in
abundance from 1975 and 1976, then increased in 1977 again, but to less than
50% of the 1975 level. We believe that the increase in observed Tegula
abundance is due almost entirely to an increase in understory kelp abundance
(Laminaria and Pterygophora). From our observations Tegula feed on these
kelps, and their increase provided a great increase in available living and
feeding space for the brown turban snail. The sharp decline in Tonicella
abundance between 1975 and 1976 may be related to an increase in brown and
foliose red algae abundance and a reduction of exposed encrusting coraLline
....,;
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algae upon which they feed (Barnes and Gonor 1973). We have no idea what
caused the fluctuation in Balanophyllia abundance. The fluctuations in
Epiactis density may be due at least in part of the increase in suitable
substrate provided by the increase in alga abundance as we have observed large
numbers of Epiactis attached to various species of red and brown algae.
Finally, natural random variability and observer error should not be
ignored when evaluating many of the observed changes in density.
Null HyPothesis 3-- COmpariability of Depth Distribution
In order to assess changes in selected organisms after the power plant goes
into operation, we had to determine the natural depth distribution of each
species. Significant changes in depth distribution for species in Diablo Cove
after the plant goes into operation, especially for predominantly
shallow-occurring species, would indicate which organisms were being stressed
or displaced by the thermal plume.
Data subjected to statistical analyses for the eleven species quantified at
North Control random arc stations showed significant differences in mean
densities for six of the species between shallower-water (3 to 7.6 m) and
deep-water (7.9 to 18.3 m) stations (Tables 75 and 103). Tethya, Patiria,
Pisaster, and Pycnopodia were most abundant at the deeper stations; Anthopleura
was most abundant at shallow stations and Styela was most abundant at mid-depth
stations (9.3 to 12.3 m). North Diablo Cove data yielded only one species with
a significant difference in densit,y at depth - Styela. In South Diablo Cove
significant differences were obtained for the same species as in the North
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Control, plus on additional species--giant red sea urchins, which were more
abundant at deeper stations. In North Diablo Cove only Styela showed a
significant difference in density at depth (Table 104).
The fact that North Diablo Cove arc depth/density data did not follow the
pattern observed in the North Control and South Diablo Cove areas is probably
due to the almost complete lack of stations deeper than 12.3 m in North Diablo
Cove, while 5 of the 44 arc stations surveyed in South Diablo Cove were deeper
than 12.3 m and 15 of 85 arc stations in North Control were deeper than 12.3
m.
The significant differences of abundance of giant red sea urchins Qy depth
at South Diablo Cove arcs are possibly related to the urchin mortalit,y that
occurred during the summer and fall in the shallow southeast corner of the
Cove.
The combined random quadrat station data Qy depths from all study areas
indicate significant density/depth differences for eight of the smaller
invertebrates (Table 104), and support the significant differences obtained for
Patiria at arc stations.
Homalopoma was most abundant at mid-depths at North Control and South
Diablo Cove quadrats. Serpulorbis and Balanophyllia were most abundant at deep
stations in all study areas; however, this difference in abundance Qy depth was
not significant for Serpulorbis in North Diablo Cove.
Tegula and Epiactis were most abundant at shallow quadrats in all study
areas, with the exception that density/depth difference was not significant for
'-
-
'-
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Tegula in South Diablo Cove. Acmaea mitra appeared to be IIDre abundant at
shallow stations, but this distribution was only significant in North Diablo
Cove. Homalopoma were IIDre abundant at mid-depth (6.2 to 12.3 m) quadrat
stations in South Diablo Cove and at deep stations (7.6 to 18.3 m) in North
Control quadrats. Tonicella were more abundant at mid-depth quadrats in North
and South Diablo Coves (Table 66).
All of the density/depth distributions at random arcs and quadrats appear
to be part of the normal pattern for this section of coast with one exception--
the depth distribution of red sea urchins in South Diablo Cove. These urchins
have almost disappeared from the shallow portion of South Diablo Cove.
Null Hypothesis 4 -- Temporal Stability Within A Sampling Period
From 1974 through 1977, one-half of the random arc stations were sampled in
Diablo Cove, then we moved to the North Control and surveyed one-half of the
stations there. The remaining halves were then surveyed in the same order.
This resulted in a 2- to 4-week interval between survey periods in the two
study areas. We assumed at that time that no significant mortali~ Or
recruitment was occurring for any quantified species during the 3 to 4 months
required to complete the subtidal stations which might bias our tests of the
other nypotheses. At arc stations, the Kruskal-Wallis test yielded a
significant difference (p ~ 0.05) for only one species in Diablo Cove (Astraea
gibberosa in 1976) and two species in the North Control (Astraea and Haliotis
rufescens in 1977) (Tables 105 and 106).
At the random quadrats, six species in Diablo Cove showed significant
difference in means between surve,y periods; Doriopsilla albopunctata in 1977;
) ) )
TABLE 105. Summary of Levels of Significance of Kruskal-Wal 115, and Mann-Whitney Tests on Mean
Densities from Early and Late Summer Subtidal Surveys of Intervertebrates at Random 3Q-m2
Arcs, Diablo Cove. DCPP, 1974-1977.
Survey Dates
July 8-July 17 July I-Aug. 10May 7-June 22
vs.
Aug. 17-Sept. 20
vs.
Aug. 14-Sept. 5
vs.
Aug. 24-Sept. 21
Ju Iy 5-20
vs.
Aug. 26-Sept. 22
PORIFERA
Tethya aurantla 0.2220 0.9048 0.4461 0.9278
I
CNIDARIA
~ Anthopleura xanthogrammlca 0.93.73 0.7268 0.1552 0.8600
"<l'
C'I
I ARTHROPODA
Cancer antennarlus 0.4434 0.1895 0.2938 0.2162
---
MOLLUSCA
Astraea glbberosa 0.1010 0.5791 0.0455* 0.3906
Dorlopsilia albopunctata 0.6757 0.2664 1.0000 0.4054
Hallotls rufescens 0.4434 0.3576 0.9289 0.1360
ECHINODERMATA
Patlrla mlnlata 0.8153 0.2585 0.6847 0.4822
Pisaster glganteus 0.5434 0.8297 0.1975 0.4563
Pycnopodla hellantholdes 0.8068 0.6558 0.5821 0.6287
Strongylocentrotus franclscanus 0.0516 0.8804 0.2591 0.8257
CHffiDATA
Styela montereyensls 0.6015 0.2527 0.4332 0.2038
* Significance level (p ~ 0.05).
( ( ( ( (
TABLE 106. Summary of Levels of Significance of Kruskal-Wal lis, and Mann-Whitney Tests on Means
from Early and Late Summer Surveys of Invertebrates at Random 3O-m2 Arcs, Diablo Cove.
DCPP, 1974-1977.
Survey Dates
June 3-21 Ju IY 22-Aug. 5 Aug. 4-Sept. 9 Ju Iy 25-Sept. 2
vs. vs. vs. vs.
Aug. 14-Sept. 19 Sept. 4-Sept. 24 Sept. 27-oct. 18 Sept. 26-Nov. 21
Species 1974 1975 1976 1977
PORIFERA
Teth~ aurantla 0.7737 0.7045 0.5218 0.8772
CNIDARIA I
LVAnthopleura xanthogrammica 0.3256 0.6619 0.4350 0.3883 ol'>o
-.J
I
ARTHROPODA
Cancer antennarius 0.2024 0.4363 0.7809 0.1828
MOLLUSCA
Astraea gibberosa 0.6784 0.8615 0.0685 0.0067*
Dorlopsilla albopunctata 0.5966 0.8607 0.5599 0.1952
Hallotis rufescens 0.2259 0.3479 1.0000 0.0157*
ECHINODERMATA
Patlria minlata 0.6985 0.1728 0.6235 0.7349
Plsaster giganteus 0.6286 0.1275 0.9293 0.3037
Pycnopodla hellanthoides 0.7924 0.4555 0.5911 0.5394
Strongylocentrotus franciscanus 0.6048 1.0000 0.8146 0.1345
CHORDATA
Styela montereyensls 0.4660 0.7606 0.2967 0.6432
* Significance level (p ~ 0.05).
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Homa10poma 1uridum and Serpu10rbis squamigerus in 1976; Tegu1a brunnea in 1978;
Ba1anophy11ia e1egans in 1976 and 1977; and Epiactis prolifera in 1976
(Table 107).
Several species at North Control quadrats also showed significant
differences in means between the two sampling periods; Acmaea mitra in 1976;
Homalopoma luridum in 1976 and 1977; Tegula brunnea in 1976 and 1978; Tonicella
lineata in 1976; Balanophyl1ia e1egans in 1976 and 1978; Epiactis prolifera in
1977; and Henricia 1eviuscu1a in 1976, 1977 and 1978 (Table 108). These
differences may be due solely to random variation; or either high natural
mortality or high recruitment during the summer. These species whose mean
densities increased possibly due to recruitment (through immigration or
reproduction) include: Tegula brunnea and Epiactis prolifera. It is
important to note that the lowest number of significant differences for both
study areas combined occurred in 1978 when we attempted to survey all 96
quadrat stations, in each study area, during one period.
These significant differences in abundance may have affected the results of
the tests of the other hypothesis. However, since there were no significant
differences for most of the other animals tested, including red sea urchins,
the results of the tests were most likely not affected. Since 1978, we have
made all efforts to complete surveys in each study area in the shortest time
possible.
Fish Species Occurrence Studies
Methods
( ( ( ( (
TABLE 107. Summary of Levels of Significant of Kruskal-Wal lis, and Mann-Whitney Tests on Means
from Early and Late Summer Subtidal Surveys of Invertebrates at Random 0.25-m2 Quadrats,
Diablo Cove. DePP. 1976-1978.
Survey Dates
Ju Iy 1-14 May 27-Ju Iy 21 June 26-Jufy 20
vs. vs. vs.
Ju Iy 27-Aug. 10 Aug. 26-Sept. 23 Ju Iy 24-Aug. 23
Species 1976 1977 19-78
CNIDARIA
Balanophyilia elegans 0.0015* 0.0146* 0.8391
Eplactls prollfera 0.0011* 0.2968 0.1183
I
MOLLUSCA wtl::>
'"
Acmaea mltra 0.3615 0.0892 0.5047
I
------Astraea glbberosa O. 1607 0.7060 0.1874
Dorlopsilia albopunctata 0.3173 0.0224* 0.4915
Hallotls rufescens**
Homalopoma lurldum 0.0332* 0.8202 0.7335
Serpulorbls sQuamlgerus 0.0098* 0.5417 0.7020
Tegu Ia brun nea 0.2528 0.7124 0.0301*
Ton Ice I Ia I Ineata 0.2854 0.1933 0.1374
ECH INOOERMATA
Henrlcla levluscula 0.3586 0.5382 0.1569
Patlrla mlnlata 0.1191 0.7159 0.8920
Strongylocentrotus franclscanus 0.8115 0.3865 0.2414
* Significance level (p ~ 0.05).
** Analysis not possible because of the large number of zeros.
TABLE 108. Summary of Levels of Significant of Kruskal-Wal lis, and Mann-Whitney Tests on Means
from Early and Late Summer Subtidal Surveys of Invertebrates at Random 0.25-m2 Quadrats,
North Control. OCPP, 1976-1978.
Species
CNIDARIA
Balanophyilia elegans
Eplactls prollfera
MOLLUSCA
Acmaea mltra
-----Astraea glbberosa
Dorlopsilia albopunctata
Hallotls rufescens**
Homalopoma lurldum
Serpulorbls squamlgerus
Tegula brunnea
Tonlcella IIneata
EQ-tI NOOER-1ATA
Henrlcla levluscula
Patlrla mlnlata
Strongylocentrotus franclscanus
Survey Dates
June 12-24 Ju Iy 26-Sept. 2 Sept. 5-Sept. 22
vs. vs. vs.
Aug. 5-Sept. 9 Sept. 27-OCt. 13 Oct. 2-Nov. 15
1976 1977 19-78
0.0011* 0.9686 0.0014*
0.0997 0.0217* 0.3480
I
w
lJ1
0.0106* 0.3829 0.6385 0I
0.2964 0.5998 0.5907
0.6401 O. 7224 0.5786
-- -- --
0.0008* 0.0112* 0.4767
0.1320 0.2028 0.8075
0.0011* 0.5612 0.0004*
0.0283* 0.1834 0.7848
0.0113* 0.0176* 0.0156*
0.0583 0.7155 0.9644
0.6865 0.9742 0.2520
* Significance level (p ~ 0.05).
** Analysis not possible because of the large number of zeros.
( ( ( ~
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A. Field
At the random 30-m2 arc stations, located and worked as described in
the Subtidal Random Stations Red Algae Field Methods Section, divers recorded
the presences of all fishes observed within the are, as well as any fish
observed near or above the arc. Because of the near impossibility of counting
fishes, due to their great mobility, observations at arc stations were limited
to presence/absence and estimated abundance. This method will be called the
"arc station fish survey" in this report.
At the random O.25-m2 quadrats, divers counted all fishes observed
within the confines of the quadrats. For this report the method is termed the
"quadrat station fish survey."
In 1978, we attempted to test a new method of quantifying fish. The
method, reported by Jones and Thompson (1978), consists of counts of all
observed species of fishes during five minute time intervals while divers swam
around a specific reef or some other type of habitat. Our divers made the
surveys in the same general vicinity as the random stations. The habitat
included rocky reefs and sand and gravel patches. We chose to do six time
intervals for our experiment which is called the "timed fish species count" in
this report. Unfortunately, we were not able to complete a full set of stations
in Diablo Cove due to time limitations; however, based on the stations we did
complete, we felt the method was unsuitable for the Diablo Cove and North
Control. This decision was based on several factors:
1. The highly variable underwater visibility could lead to highly variable
counts.
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2. The large area covered by swimming, even for only 5 minutes. would not
allow for enough replicates, without the divers overlapping stations.
3. The large variety of habitats in Diablo Cove would add another variation
factor which could further add to difficulties in interpreting the results
of the surveys and the data analysis.
B. Laboratory
Whenever possible fishes that we could not identify in the field were
captured with hand-dip nets and brought into the laboratory for identification.
Once identified, the fish were then either returned alive to the water or
preserved and put into our reference collection.
C. Statistical
None of the fish data were subjected to statistical analysis because the
observations at the arc station fish survey consisted solely of presence/-
absence information; the quadrat station fish survey yielded numbers of fish
too low to produce meaningful comparisons; and there were only a small number
of observations done at the timed fish species count stations.
For the arc stations fish survey. the data are presented as the frequency
of occurrence for each species or species group by year and by study area. For
-
-
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species which occurred at ~ 25% of the stations in at least one year, the
frequency of occurrence is presented as a bar graph to show trends. The mean
number of fish species for all years combined for each of the study areas is
presented by division into either shallow (0-7.6 m) or deep-water (7.7-15.2 m)
stations. The frequency of occurrence is determined with all years combined
to show the relative ranks of the dominant fishes for each study area. The
frequency of occurrence is shown as a bar graph for all years and study areas
combined with the information divided into appearance of the fish at the
shallow and/or deep-water stations.
For the quadrat station fish survey information on the following is
presented. The mean number of fish per quadrat and the frequency of occurrence
of that species is given by year and by study area.
For the timed fish species count observations, the percent frequency of
occurrence per total timed intervals is presented in graph form for Diablo
Cove.
Results
A. Diablo Cove
The wide diversity of habitats found in Diablo Cove provide ideal
conditions for a large number of California's inshore fishes. We have recorded
a total of 44 species or species groups from 13 families at the Diablo Cove
random subtidal arcs and quadrats (Table 109).
TABLE 109.
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Summary of ~ish Species Obs~rved at Subtidal
Random 30-m Arc and O.25m- Quadrat Stations
in Diablo Cove and North Control. DCPP, 1974-
1978.
Scientific Name
ANARHICHADIDAE
Anarrhichthys ocellatus
BATH YMASTER IDAE
Rathbunella hypoplecta
BOTHIDAE
Citharichthys sordidus
CEBIDICHTHYIDAE
Cebidichthys violaceus
CLINIDAE
Gibbonsia spp.
Neoclinus blanchardi
Neoclinus uninotatus
Neoclinus sp.
Neoclinus stephensae
COTTIDAE
Artedius corallinus
Artedius lateralis
Hemilepidotus spinosus
Common Name
Wolf-eel
Smooth ronquil
Pacific sanddab
Monkeyface-eel
Kelpfish
Sarcastic fringehead
Onespot fringehead
Fringehead
Yellowfin fri~gehead
Coralline sculpin
Smoothhead sculpin
Brown Irish lord
Diablo Cove
x
x
x
x
x
x
x
x
North Control
x
x
x
x
x
x
x
-
Jordania zonope Longfin sculpin
Orthonopias triacis Snubnose sculpin
Scorpaenichthys marmoratus Cabezon
EMBIOTOCIDAE
x
X
X
X
X
X
Bracbyistius frenatus
Cymatogaster aggregata
Damalicbtbys vacca
Embiotoca jacksoni
Embiotoca lateralis
Kelp surfperch
Shiner surfperch
Pi le surfperch
Black surfperch
Striped surfperch
X
X
X
X
X
X
X
X
-TABLE 109. (cont1d)
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Hypsurus caryi
Phanerodon atripes
Phanerodon furcatus
Rhacochilus toxotes
GASTEROSTE IDAE
AUlorhynchus flavidus
GOBIESOCIDAE
Gobiesox maeandricus
Rimicola muscarum
GOBIIDAE
Coryphopterus nicholsii
HEXAGRAMMIDAE
Hexagrammos decagrammus
Ophiodon elongatus
Oxylebius pictus
LABRIDAE
Oxyjulis californica
Pimelometopon pulchrum
SCORPAENIDAE
Sebastes atrovirens
Sebastes carnatus
Sebastes chrysomelas
Sebastes caurinus
Sebastes melanops
Sebastes miniatus
Sebastes mystinus
Sebastes paucisp.inis
Sebastes rastrelliger
Sebastes serranoides
STICHAEIDAE
Chirolophis nugator
Rainbow surfperch
Sharpnose surfperch
White surfperch
Rubberlip surfperch
Tubesnout
Northern clingfish
Kelp c1ingfish
B1 ackeye goby
Kelp greenling
Lingcod
Painted greenling
Senorita
California sheephead
Kelp rockfish
Gopher rockfish
B1ack-and-Ye11ow
Rockfish
Copper rockfish
Black rockfish
Vermilion rockfish
Blue rockfish
Bocassio
Grass rockfish
Olive rockfish
Mosshead warbonnet
x
x
x
x
x
x
x
x
x
x
x
X
x
x
x
X
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
X
X
X
x
X
X
X
x
x
x
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A summary of the percent frequency of occurrence of fishes at the arc
stations in Diablo Cove is presented (Table 110).
For the quadrat stations the mean number of fish per quadrat and the
percent frequency of occurrence of each fish species in Diablo Cove are listed
(Table 111).
We are also presenting results of the species counts using the method
developed by Jones and Thompson (1978); unfortunately, we did not complete
enough stations for statistical analysis. The results are presented Qy species
as the percentage frequency of occurrence; the unit of measurement is
occurrence within the time intervals.
The results of all of these observations are presented qy family.
Frequencies of occurrence are presented in graphic form only for those species
which occurred in at least 25% of the arc station during one year. Generally,
we encountered more fish species at the stations deeper than 7.6 m in Diablo
Cove, although in the north portion of Diablo Cove, the depth-species
distribution was not as predictable (Figure 130). South Diablo Cove shallow
stations yielded the lowest average number of species over the years.
ANARHICADIDAE
This family is represented Qy only one species in California (Miller and
Lea 1976)--the wolf-eel, Anarrhichthys ocellatus. During the d~ wolf-eels are
found in crevices holes, and caves. One wolf-eel was observed in Diablo Cove
during our studies. This fish was encountered at an arc station in 1977
(Table 110).
--
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Wolf-eels ranked sixteenth in frequency of occurrence at arc stations
(Figure 131).
BATHYMASTERIDAE
Ronquil taxonomy, particularly that of the genus Rathbunella, is still in
flux. Miller and Lea (1976), listed two species under the genus Rathbunella;
however, recent studies suggest there may be others (Robert Lavenberg, pers.
commun.). We observed only one species, the smooth ronquil, Rathbune11a
hypop1ecta, at two arc stations in 1975 and one arc station in 1977
(Table 110). Smooth ronquils also occurred in one quadrat each in 1975 and
1977 (Table Ill).
CEBIDICHTHYIDAE
This is another family containing only one species, the monkeyface-eel,
Cebidichthys vio1aceus. In fact, many taxonomists place the monkeyface-eel in
the family Stichaeidae (Robert Lea, CDFG pers. commun.). Monkeyface-eels are
crevice dwellers and are often difficult to observe. They ranked sixteenth at
arcs (Figure 131).
CLINIDAE
Twelve species of clinids are known from California (Miller and Lea 1976).
We recorded three species plus the Gibbonsia spp. complex at arc and quadrat
stations in Diablo Cove (Tables 110 and 111). Three species of kelpfish,
Gibbonsia spp., have been reported from Diablo Cove (Burge and Schultz 1973).
Unfortunately, divers are not able to distinguish between the three species
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TABLE 110. Summary of Percent Frequency of Occurrence of Fish Species Observed at
Random 30-m 2 Arc Stations In Diablo Cove, DCPP, 1974-1977.
......
ANARHICHADIDAE
Anarrhlchthys ocel latus
BATHYMASTER I DAE
Rathbunella hypoplecta
CEBIDICHTHYIDAE
CebJdlchthys vlolaceus
CLiNIDAE
Glbbonsla spp.
Neocllnus blanchardl
Neoc I I nus un I notatus
1974
28.6
Percent Frequency of Occurrence
1975 1976
8.3
4.2
41.7
1977
4.2
4.2
45.8
4.2
4.2
COTTIDAE
Artedlus corailinus
Jordanla zonope
Orthonoplas trlacls
Scorpaenlchthys marmoratus
EMBIOTOCIDAE
Brachylstus frenatus
Cymatogaster aggregata
Damal Ichthys vacca
Emblotoca Jacksonl
Emblotoca lateral Is
Hypsurus caryl
Phanerodon furcatus
Rhacochl Ius toxotes
GA STEROSTE I DAE
Aulorhynchus flavlda
GOBIESOCIDAE
Goblesox maeandrlcus
GOBIIDAE
Coryphopterus nlcholsl 1
HEXAGRAMMIDAE
Hexagrammos decagrammus
Ophlodon elongatus
Oxyleblus plctus
7. 1
7. 1
28.6
7. 1
14.3
50.0
21.4
50.0
16.7
25.0
4.2
16.7
37. 5
12.5
54.2
33.3
25.0
16.7
4.2
41.7
4.2
8.3
20.8
8.3
45.8
12.5
4.2
45.8
41.7
8.3
8.3
41.7
4.2
4.2
4.2
8.3
54.2
-
-359-
-
TABLE 110. (Continued)
Percent Frequency of OccurrenCe
1974 1975 1976 1977
LABRIDAE
Oxyjulls callfornlca 21.4 25.0 8.3 54.2
SCORPAENIDAE
Sebastes atrovlrens 8.3
Sebastes carnatus 28.6 16.7 20.8 33.3
Sebastes chrysomelas 14.3 41. 7 25.0 25.0
Sebastes caurlnus 4.2
Sebastes melanops 14.3 8.3 4.2 4.2
Sebastes mlnlatus 7. 1 4.2
Sebastes mystlnus (adult) 42.8 50.0 25.0 45.8
Sebastes mystlnus (juv.) 71.4 87.5 33.3 79.2
Sebastes pauclsplnls 12.5 8.3
Sebastes rastre I I I ger 7. 1
Sebastes serranoldes 7. 1 29.2 12. 5 25.0
Sebastes spp. (juv. ) 29.2
STICHAEIDAE
- Chlrolophls nugator 4.2
TOTAL STATIONS 14 24 24 24
-
TABLE 111. Summary of Mean Number Per Quadrat and Percent Frequency of Occurrence of Fish
Species Observed at Subtidal Random 0.25-m2 Quadrats in Diablo Cove. DCPP.
1975-1978.
1975 1976 1977 1978
Mean Number Percent Freq. Mean Number Percent Freq. Mean Number Percent Freq. Mean Number Percent Freq.
Species Per Quadrat of Occurrence Per Quadrat of Occurrence Per Quadrat of Occurrence Per Quadrat of Occurrence
BATHYMASTERIDAE
Rathbunnel1a ~lecta 0.03 3.1 0.0 0.01 1.0 0.0
CLINIDAE
Gibbonsia spp. 0.0 0.08 6.4 0.23 18.0 0.02 2.1
Neoclinus stephansae 0.0 0.0 0.02 2.1 0.0
CO'l"l' IDAE
Artedius coral1inus 0.03 3.1 0.0 0.02 2.1 0.0 I
Orthonopias triacis 0.16 15.6 0.04 4.2 0.07 7.3 0.02 2.1 LV
Scorpaenichthys 0'10
marmoratus 0.0 0.0 0.02 2.1 0.0 I
GOBIIDAE
COryphopterus nicholsii 0.0 0.0 0.01 1.0 0.0
GOBI ESOCIDAE
Gobiesox ~eandricus 0.03 3.1 0.0 0.0 0.0
HEXAGRAMMIDAE
O~lebiu~ pictus 0.12 9.4 0.02 2.1 0.01 1.0 0.0
SCORPAENIDAE
Sebastes carnatus 0.0 0.0 0.02 2.1 0.0
Sebastes caurinus 0.0 0.0 0.09 9.4 0.0
Sebastes ~somelas 0.06 6.2 0.0 0.01 1.0 0.01 1.0
STICHAEIDAE
Chirolophis nugator 0.03 3.1 0.0 0.01 1.0 0.0
Total Number of Quadrats 32 47 96 96
Surveyed in Diablo Cove
( ( ( (
-361-
under water. Identification requires a dissecting microscope to examine the
characters that separate the three species. Observed Gibbonsia spp. frequency
of occurrence at arc stations increased during our studies (Figure 132,
Table 110), where they ranked third (Figure 131). At quadrat stations
Gibbonsia spp. were the most common species encountered particular~ in 1977
(Table 111). The two species of fringeheads, Neoclinus, were rarely observed
at arc or quadrat stations (Tables 110 and 111). At arc stations the
fringeheads ranked sixteenth (Figure 131). At the timed fish species count
stations kelpfishes, Gibbonsia spp., ranked thirteenth (Figure 133).
COTTIDAE
Forty-two species of sculpins have been reported from California (Miller
and Lea 1976). Twenty of these were collected or observed during the
Department's 1970-71 surveys (Burge and Schultz 1973). Because sculpins
require examinations by a microscope to distinguish most species, we were only
able to identify four species under water. Only two of these were observed at
25% or more of the arc stations (Table 110).
Orthonopias triacis
Snubnose scu1pins have been reported from Monterey to San Geronimo Island,
Baja California, from the intertidal to depths of 30 m (Miller and Lea 1976).
Their observed frequency of occurrence increased over the years at arc stations
where they rank fifth for all years combined (Figures 134 and 131). At
quadrats their frequency of occurrence appeared to decline (Table 111).
Snubnose sculpins ranked twelfth out of 22 species (15 rankings) recorded at
fish species count stations (Figure 133).
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Scorpaenichthys marmoratus
Cabezon (Figure 135) have a known range from Sitka, Alaska, to Point
Abreojos, Baja California, from the intertida1s to 7.6 m (Miller and Lea 1976).
In Diablo Cove they were observed on all types of rocky substrate, but usually
resting on ledges or near the tops of rocks. They are the largest member of
the family, reaching 99 cm in length and are highly sought after and prized by
sportfishermen. Their observed frequency of occurrence at arcs, when all years
were combined, remained fairly constant until 1977 when it increased
(Figures 136 and 131). They were rarely encountered in quadrats (Table 111).
Cabezon ranked ninth in frequency at the timed fish species count stations
(Figure 133).
EMBIOTOCIDAE
The surfperch are represented by 19 species in California many of which are
important sport fish (Miller and Lea 1979; Miller and Gotshall 1965). Eight
species were found at arc stations in Diablo Cove (Table 109). Two species
were observed at 25% of the arc stations during at least one year.
Embiotoca jacksoni
Black surfperch (Figure 135) are known to range from Fort Bragg to Point
Abreojos, Baja California, to depth of 40 m (Miller and Lea 1976). Adults and
juveniles were commonly observed throughout the Cove and around reefs and with
low-growing brown algae. There was a decrease in their observed frequency of
occurrence at arc stations (Figure 137) where they ranked tenth (Figure 110).
-
-
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At the timed fish species count stations, black surfperches ranked thirteent in
frequency of occurrence (Figure 133).
Embiotoca lateralis
Striped surfperches (Figure 135) have been recorded from Port Wrangell,
Alaska, to Point Cabras, Baja California, to depths of 17 m (Miller and Lea
1976). Striped surfperches were the most commonly observed surfperches in
Diablo Cove. Their frequency of occurrence at arcs where they ranked second
increased SUbstantially in 1975, then decreased and remained stable
(Figure 138). They ranked third in the timed fish species count survey
(Figure 133).
GASTEROSTEIDAE
The California fish fauna is represented Qy two members of this family;
only one has been recorded from Diablo Cove (Miller and Lea 1976), Aulorhynchus
flavidus. Tubeshouts ranged from Prince William Sound, Alaska, to Point
Rampiente, Baja California (Miller and Lea 1976). They spend most of their
time near the surface in and around the bull kelp canopy; thus they were
infrequently encountered by our divers working on the bottom. They were
observed at two arc stations in 1976 and one in 1977, and ranked fifteenth when
all years were combined (Table 110, and Figure 131).
GOBIESOCIDAE
Miller and Lea (1976), reported seven species of clingfishes from
California. Only one of these, the northern clingfish, Gobiesox maeandricus,
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was observed by our divers at Diablo Cove subtidal arc stations. Northern
clingfishes range from Guadalupe Island, Baja California, to Revillagigedos
Island, Alaska (Miller and Lea 1976). They ranked sixteenth in frequency of
occurrence at arc stations for all years combined (Figure 131), (Miller and Lea
1976).
GOBIIDAE
Of the 14 species of gobies reported from California Qy Miller and Lea
(1976), on~ three have been observed in Diablo Cove (Burge and Schultz 1973).
The blackeye goby, Co~phopterus nicholsii, (Figure 139) is the only species
common~ encountered by divers in the Cove. Their known range is from Point
Rampiente, Baja California, to Queen Charlotte Island, British Columbia. Their
observed frequency of occurrence declined over the years at arc stations where
they ranked ninth (Figures 140 and 141). Blackeye gobies were rarely observed
in quadrats (Table Ill). They ranked tenth at the timed fish species counts
stations (Figure 133). We did not observe the other two species: Lyth~pnus
dalli and L. zebra.
HEXAGRAMMIDAE
The greenling family is well represented in Diablo Cove. Of the five
species recorded from California (Miller and Lea 1976), three occur common~ in
the Cove.
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Hexagrammos decagrammus
Kelp greenlings (Figure 139) ranges from the Alel1tian Islands, Alaska, to
La Jolla, California, from the intertidal to 46 m (Miller and Lea 1976). In
Diablo Cove they are present around all types of rocky habitat. Kelp
greenlings declined substantial~ in their observed frequency of occurrence at
arc stations, where they ranked fourth during our studies (Figures 141 and
131). They ranked eighth at our 1978 timed fish species count stations
(Figure 133).
Ophiodon elongatus
Lingcod (Figure 139) have been reported from Kodiak Island, Alaska, to
Point San Carlos, Baja California, to depths of 427 m (Miller and Lea 1976).
They are a very important sport fish and a major predator on nearshore fish
including juvenile rockfishes, Sebastes spp. (Miller and Geibel 1973). In
Diablo Cove they were observed around all types of rocky habitat. The lingcod
observed frequency of occurrence declined appreciab~ at arc stations
(Figure 142). This apparent decline was also reflected in the catches of local
partyboat fishermen (Partyboat logbook data provided by Leo Pinkas (CDF&G)
(Figure 143). They ranked eleventh in the 1978 timed fish species counts
(Figure 133).
Oxylebius pictus
Painted greenlings (Figure 139) have been recorded from the Queen Charlotte
Islands, British Columbia, to Point San Carlos, Baja California, from the
intertidal to 49 m (Miller and Lea 1976). They are common around most habitats
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in Diablo Cove except sand. Their observed frequency of occurrence at arc
stations, where they ranked second when all years were combined, remained about
the same throughout the study (Figures 144 and 131). Painted greenlings
occurred infrequently in quadrats (Figure 144). They ranked fifth at the timed
fish species count stations (Figure 133).
LABRIDAE
Three members of the wrasse family occur off California (Miller and Lea
1976), two of them in the Diablo Canyon area: California sheephead,
Pimelometopon pulchrum and senoritas, O~julis californica. California
sheepheads were infrequently encountered by our divers and none were observed
in Diablo Cove.
O~julis californica
Senoritas have been reported from San Francisco Bay to Cedros Island, Baja
California, to a depth of 55 m (Miller and Lea 1976). Their observed frequency
of occurrence at arc stations, where they ranked fourth, fluctuated widely
(Figures 145 and 131). Senoritas ranked second in the 1978 timed fish species
counts (Figure 133).
SCORPAENIDAE
The scorpionfish family has more representative in California waters than
any other fish family. Sixty-two species were reported b,y Miller and Lea
(1976). In Diablo Cove, we have observed ten species (Table 109). One
additional species has been observed by PG&E biologists, the treefish, Sebastes
-
--
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serriceps (Tom Wilson, PG&E pers. commun.). Five species occurred frequently
enough to merit discussion.
Sebastes carnatus
Gopher rockfishes (Figure 146) have a recorded range from Humboldt Bay,
California, to San Roque, Baja California, to depths of 55 m (Miller and Lea
1976). These demersal, cryptic rockfishes occurred at mid- to deep stations
(7.6 to 18.3 m) in areas of rocky substrate in Diablo Cove. Their observed
frequency of occurrence fluctuated little at arc stations, where they ranked
sixth (Figures 147 and 131). Gopher rockfishes were observed at quadrats in
1977 only (Table 111). In the timed fish species count stations, they ranked
seventh (Figure 133).
Sebastes chrysome1as
Black-and-yellow rockfishes (Figure 146) have been reported from Humboldt
Bay to Natividad Island, Baja California, from the intertidal to 37 m (Miller
and Lea 1976). In Diablo Cove, we have observed these cryptic rockfishes in
and around rocky habitat, particularly in the shallower portions of the Cove (3
to 12 m). The observed frequency of occurrence of b1ack-and-yellow rockfishes
at arc stations, where they ranked fourth, increased in 1975 then decreased in
1976 and again in 1977 (Figures 148 and 131). Juveniles occurred in a small
number of the quadrats every year. Black-and-ye1low rockfish ranked seventh in
the 1978 timed fish species count stations (Figure 133).
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Sebastes mystinus
Blue rockfishes (Figure 146) have a recorded range from the Bering Sea to
Point Santo Tomas, Baja California, to a depth of 92 m (Miller and Lea 19(6).
They are one of the most important sport fishes in central California and were
the most common and abundant rockfishes in Diablo Cove during our surveys,
appearing in schools of 100 to 500 or more fish. With the exception of 1976,
adults' and juveniles' frequency of occurrence remained static through most of
the study at arc stations, where they ranked first (Figures 149 and 131). In
1976, there was a temporary decline in the observed frequencies for both adults
and juveniles. Blue rockfishes were the most frequently counted species at our
1978 time fish species count stations (Figure 133).
Sebastes serranoides
Olive rockfishes (Figure 146) range from Redding Rock, California, to the
San Benito Island, Baja California, to depths of 146 m (Miller and Lea 19(6).
In Diablo Cove individual adults and schools of juveniles were usually observed
around high profile reefs in the outer portions of the Cove. Their observed
frequency of occurrence at arc stations, where they ranked seventh, fluctuated
from year to year (Figures 131 and 150). Olive rockfishes ranked fourteenth at
the 1978 timed fish species count stations (Figure 133).
STICHAEIDAE
The prickleback family is represented in California qy 12 species (Miller
and Lea 1976; Behrstock 19(6). Seven species have been recorded from the
Diablo Canyon area (Burge and Schultz 19(3). We observed only the mosshead
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warbonnet, Chirolophis nugator, at one arc station in 1975 (Table 110).
Mosshead warbonnets were also observed in our quadrats (Table Ill).
B. North Control
At North Control subtidal stations, we have recorded 33 species from 12
families of fish, 32 at arc stations and 14 in quadrats (Tables 112 and 113).
This number includes one family not represented at Diablo Cove stations;
Bothidae, the left-eye flounders. In the North Control, Pacific sanddabs,
Citharichthys sordidus, were observed only at stations where there was a large
percentage of sand. Pacific sanddabs were not observed at Diablo Cove random
stations.
The average number of species observed at North Control arc stations ranged
from 3.7 to 5.7 at shallow stations, and 5.2 to 6.7 at deep stations
(Figure 130). We did not conduct the timed fish species counts in the North
Control. The following results are limited to those fish that occurred at 25%
or more of the stations, by one or more of the survey methods during at least
one year's surveys.
CLINIDAE
Gibbonsia spp.
The kelpfishes appeared to increase in their frequency of occurrence at arc
stations over time where they ranked seventh when all years were combined
(Figures 151 and 152).
TABLE 112.
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Summary of Percent Frequency of Occurren~e of Fish
Species Observed at Subtidal Random 30-m Arc Stations
in North Control. DCPP. 1974-1977.
Percent Frequency of Occurrence
Species 1974 1975 1976 1977
BATHYMASTERIDAE
Rathbunella hypoplecta 4.2 4.5
BDTHIDAE
Citharichthys sordidus 4.2
CLINIDAE
Gibbonsia spp. 28.0 20.8 70.8 59.1
Neoclinus spp. 4.5
CDTTIDAE
Artedius corallinus 7.1 33.3 16.7 27.3
Hemilepidotus spinosus 4.2
-Jordania zonope 4.2
Orthonopias triacis 21.4 20.8 50.0 40.9
Scorpaenichthys marmoratus 35.7 25.0 29.2 45.4
EM8IOTOCIDAE
Damalichthys vacca 14.3 25.0 12.5 9.1
Embiotoca jacksoni 4.2 4.5
Embiotoca lateralis 42.8 54.2 62.5 45.4
Hypsurus caryi 4.2
Phanerodon atripes 4.2
GAS TER OSTE IDAE
-
AUlorhynchus flavidus 4.2
GOBIESOCIDAE
Gobiesox maeandricus 4.5
Rimicola muscarum 4.2
GOBIIDAE
Coryphopterus nicholsii 14.3 29.2 25.0 31.8
HEXAGRAMMIDAE
Hexagrammos decagrammus 37.7 16.7 29.2 13.6
Ophiodon elongatus 21.4 8.3 4.5
Oxylebius pictus 50.0 58.3 62.5 63.6
-TABLE 112. (cont'd)
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LABRIDAE
Oxyjulis californica 14.3 29.2 37.5 54.5
Pimelometopon pulchrum 4.5
SCORPAENIDAE
Sebastes atrovirens 4.2
Sebastes carnatus 7.1 25.0 25.0 27.3
Sebastes chrysomelas 7.1 41.7 37.5 50.0
Sebastes melanops 4.2 4.2 9.1
Sebastes miniatus 7.1 8.3 8.3 4.5
- Sebastes mystinus (adult) 50.0 54.2 58.3 59.1
Sebastes mystinus (juv.) 64.3 66.7 79.2 100.0
Sebastes rastrelliger 14.3 4.2 4.5
Sebastes serranoides 14.3 41.7 20.8 4.5
Sebastes spp. (juv. ) 4.5
STICHAEIDAE
Chirolophis nugator 4.2
Total Number of Arc
Stat ions surveyed in
North Control 14 24 24 22
_.. '";..... ~'--""'""'".__. -'-"-'--_._-------------------
-
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TABLE 11 3 . Summary of Mean Number Per Quadrat and per~ent Frequency of OccurrenceSpecies Observed at Subtidal Random O.25-m Quadrats in North Control.
1976-1978.
of Fish
DCPP,
1976 1977 1978
Mean Number Percent Frequency Mean Number Percent Frequency Mean Number Percent Frequency
Species Per Quadrat of Occurrence Per Quadrat of Occurrence Per Quadrat of Occurrence
BA THYMASTER lOAE
Rathbunella hypoplecta 0.0 0.0 0.05 4.2
CLlNIDAE
{:;ibbonSld spp. 0.14 14.6 0.15 14.3 0.03 3.1
COTTIDAE
Artedius corallinus 0.0 0.07 6.0 0.05 5.2
Artedius lateralis 0.04 2.1 0.0 I0.0 W
-J
Orthonopias triacis 0.04 4.1 0.04 3.6 0.01 1.0 tv
I
Scorpaenichthys marmoratus 0.02 2.1 0.01 1.2 0.0
GOB IESOC lOAE
GobiesOK maeandricus 0.02 2.1 0.02 1.2 0.0
"OBIIDAE
Coryphopterus nicholsii 0.04 4.1 0.01 1.2 0.0
HEX AGRAMM IOAE
Oxylebius pictus 0.0 0.02 2.4 0.0
Hexagrammos decagrammus 0.0 4.1 0.01 1.0
SCORPAENIOAE
Sebastes carnatus 0.04 4.1 0.0 0.03 2.1
Sebastes chrysomelas 0.0 0.0 0.02 2.1
Sebastes mystinus (juv.l 0.0 0.04 2.4 0.02 0.0
Chirolophis nugator 0.0 0.0 0.01 1.0
Total Number of 48 84 96
Quadrats Surveyed
in North Control
( ( ( (
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COTTIDAE
Artedius corallinus
Coralline sculpins fluctuated in frequency of occurrence at arc stations
where they ranked ninth (Figures 153 and 151). Th~ were not observed at
quadrats in 1976 but appeared at about five percent of the quadrats in 1977 and
1978.
Orthonopias triacis
Snubnose sculpins' frequency of occurrence increased at arc stations in
1976, then declined slightly (Figure 154). Their rank at the arc stations was
sixth when all years were combined (Figure 152). Their frequency of occurrence
at quadrats declined from 1976 through 1978 (Table 113).
Scorpaenichthys marmoratus
Cabezon declined, then increased in fre~lency of occurrence at arc
stations, where they ranked eighth (Figures 155 and 152); they were rarely
observed in quadrats.
Damalichthys vacca
Pile surfperches have been recorded from Port Wrangell, Alaska, to
Guadalupe Island to a depth of 46 m (Miller and Lea 1976). In the North
Control they were observed in 25% of the samples during survey year 1975
(Figure 156). They ranked twelfth in frequency of occurrence (Figure 152).
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Embiotoca jacksoni
Black surfperches were only observed at one North Control arc station in
1975 and one arc station in 1977 (Table 112, Figure 157). They ranked
fifteenth in frequency of occurrence (Figure 152).
Embiotoca 1ateralis
Striped surfperches observed frequency of occurrence at arc station, where
they ranked third, showed little fluctuation during our studies (Figures 152
and 158).
GOBIIDAE
Co~phopterus nicho1sii
Blackeye gobies increased in their observed frequency of occurrences at arc
station, where they ranked eleventh (Figures 159 and 152). The,y appeared to
decline at quadrats (Table 113).
HEXAGRAMMIDAE
Hexagrammos decagrammus
The observed frequency of occurrence of kelp greenlings at arcs, where they
ranked tenth (Figure 152), showed a declining trend (Figure 160). The,y were
observed only once at a quadrat station (Table 113).
--
-
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Ophiodon elongatus
As in Diablo Cove lingcod declined in observed frequency of occurrence at
arc stations, where they ranked thirteenth (Figures 161 and 152).
0511ebius pictus
The observed frequency of occurrences of painted greenlings increased
slightly at arc stations, where they ranked second during our studies
(Figures 162 and 152). They were rarely observed in quadrats (Table 113).
LABRIDAE
051Ju1is ca1ifornica
Senoritas showed a definite increase in their frequency of occurrence at
arc stations (Figure 163), where they ranked fifth (Figure 152) during the
study period.
SCORPAENIDE
Sebastes carnatus
The observed frequency of occurrence of the gopher rockfishes remained
fairly stable, particularly after 1974 (Figure 164). They ranked ninth in
frequency of occurrence at arc stations (Figure 152).
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Sebastes chrysomelas
There was an increasing trend in black-and-yellow rockfishes frequency of
occurrence at arc stations, where they ranked fourth when all years were
combined (Figures 165 and 152).
Sebastes m[stinus
As in Diablo Cove blue rockfish were the most abundant and the most
frequently encountered fish at arc stations (Figure 152). Adult frequency of
occurrence remained about the same during the study but increased for
junveni1es (Figure 166).
Sebastes serranoides
Olive rockfishes were more common at North Control arcs where they ranked
tenth (Figure 152), than in Diablo Cove. There was a declining trend in their
frequency of occurrence (Figure 167).
Discussion
Burge and Schultz (1973) recorded 77 species of fish from the Diablo Cove
subtidal. Most of these records were obtained from ichthyocide stations
conducted in the Cove. Twenty-four species were observed during their diving
operations. During our diving surveys of random stations, we have observed 44
species from Diablo Cove and North Control (Table 109). The most likely reason
for the larger number of fish species observed during our diving operations is
that we sampled more stations over a longer period of time. Both our studies
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and those of Burge and Schultz (1973) indicate that blue rockfishes are the
most abundant, non-cryptic fish found in Diablo Cove. Blue rockfishes rank
first at random stations and in the random timed species counts. In Diablo
Cove striped surfperches ranked second in frequency of occurrence at random arc
stations along with the painted greenlings (Figure 131). Senoritas and striped
surfperches were second and third, respectively, at the timed species count
stations (Figure 133). Burge and Schultz's (1973) observations at their
permanent stations indicated that olive rockfishes and painted greenlings
ranked second and third in 1970 and that painted greenlings and blackeye gobies
ranked second and third in 1971. Burge and Schultz (1973) also considered
black-and-yellow rockfishes, pile surfperches, kelp greenlings, black
rockfishes, lingcod and cabezon as common species. All of these except black
rockfishes were among the top ten ranked species at our random arcs and fish
species count stations in Diablo Cove. Assuming the difference between the
1970-71 studies and our present studies are real, then some changes have taken
place in these fish populations in the Cove since the 1970-71 studies. This
appears to be true in the case of the lingcod. During the 1970-71 studies,
lingcod were observed at 43% and 28% of the Diablo Cove permanent stations.
From 1973 through 1978, lingcod were observed at only 10% of permanent Diablo
Cove stations. The observations at random stations and partyboat catch-per-
unit-of effort data (Leo Pinkas, pers. commun.) tends to support this apparent
decline in abundance (Figure 143).
Observations at North Diablo Control random arc stations indicate the three
most fre~lent~ observed fishes were blue rockfishes, painted greenlings, and
striped surfperches (Figure 152), which agrees closely with Diablo Cove random
arc station observations. In fact, eleven of the 15 species that ranked in the
first ten in Diablo Cove also were in the first ten ranks in the North Contro1
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(Figures 131 and 152). There were patterns in observed frequency of occurrence
at random arc stations in relation to depth: blue rockfishes, painted
greenlings, senoritas, kelp greenlings, snubnose sculpins, gopher rockfishes,
blackeye gobies, lingcod, and black rockfishes appeared more frequently at deep
stations (Figure 168). Striped surfperches, kelpfishes, black-and-yellow
rockfishes, cabezon, pile surfperches, and black surfperches were more commonly
observed at stations shallower than 7.7 m.
To sum up, there appears to have been little change in fish species
composition form 1973 through 1977. Blue rockfishes continue to be the most
abundant non-cryptic fishes in the Diablo Canyon area. There has been an
apparent decline in lingcod abundance in this area, but we have no reason to
believe that this decline is due to any activities at the power plant site.
Most of the fish species we have observed are COld-temperate or boreal
species. However, several warm-temperate fishes (Briggs 1974) have been
observed in the Diablo Canyon area (Point San Luis to Point Buchon California)
sheepheads, Semicossyphus pulcher; senoritas, OxyJulis californica; opaleyes,
Girella nigricans; treefishes, Sebastes serriceps; calico rockfishes, Sebastes
dalli (Tom Wilson, pers. commun.); swell sharks, Cephaloscyllium ventriosum;
bluebanded gobies, Lythrypnus dalli; and zebra gobies, Lythryphus zebra (Burge
and Schultz 1973). Several other warm-temperature fishes have been reported
but not confirmed: kelp basses, Paralabrax clathratus; blacksmiths, Chromis
punctipinnis; Pacific bonitos, Sarda chiliensis; and Californica morays,
Gymnothorax mordax.
We predict, based on observations at other power plants including Morro Bay
and Redondo Beach which discharge warm waters. that as the waters of Diablo
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Figure 69. Locations of Subtidal Study Areas: South Diablo Cove (SDC), North
Diablo Cove (NDe) and North Control (NC). DC?P, 1973-1977.
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Figure 70. Substrate Composition at Shallow, 0-7.6m (0.25 feet), Subtidal
Stations in South Diablo Cove (SIX:), North Diablo Cove, (NIX:), and
North Control (NC). DCPP, 1973-1977.
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Figure 71. Substrate Composition at Deep, 7.7-15.2m (26-50 feet), Stations in
South Diablo Cove (SDC), North Diablo Cove, (NnC), and North Control
(NC). DCPP, 1973-1977.
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Figure 72. Locations of Subtidal Permanent Stations.
X = Stations established by Burge and Schultz in
1970. Surveyed in 1970, 1971, 1973-1978.
* = Stations established by Burge and Schultz in
1970. Surveyed in 1970 and 1971.
o = Stations established in 1977. Surveyed in
1977 and 1978.
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Figure 73. Locations of Diablo Cove Random Subtidal Stations:
(NnC), South Diablo Cove (SDC). DCPP, 1974-1978.
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Figure 74. Random North Control Subtidal Study Area Showing Magnetic Compass
Bearings to a Fixed Landmark. (a metal barn). DCPP, 1974-1978.
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Figure 75. Subtidal random survey method - the 30 m2 arc. Divers attach
paired 3.1 m lines to anchor shackle (point A) and create neighboring
wedges B-C and B'-C'. When counts of selected plants and animals are
completed, line B is moved to point D, and B' is moved to D' to
create the next wedges C-D and C'-D'. The process is repeated until
an entire 30 m2 circular area is surveyed. DCPP, 1974-1978.
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Figure 76. Mean numbers and standard errors for Laminaria dentigera~
Pterygophora californica~ and Nereocystis luetkeana at Diablo Cove
and North Control subtidal random arc stations. DCPP~ 1974-1977.
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Figure 77. Mean numbers and standard errors for Laminaria dentigera,
Pterygophora ~alifornica, and Nereocystis luetkeana at Diablo Cove
and North Control Subtidal Random Quadrat Stations. DCPP,
1974-1977.
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Figure TTb. A. Tethya aurantia, B. Anthopleura xanthogrammic~~, Bal ~ i2
elegans, D. Epiactis prolifera. (Photos by Dan1-~1 !:. '~o,
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Figure T8. Mean counts and standard errors per station for Tethya aurantia at
subtidal random arc stations in South Diablo Cove and North Diablo
Cove. DCPP, 1974-1977.
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Figure 79. Mean counts and standard errors per sta.tion :for Anthop~eura.
xanthogrammica at subtidal random arc stations in South Dia.blo Cove
and North Diablo Cove. DCPP, 1974-1977.
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Figure 80. Mean counts and standard errors per station for Balanophyllia elegans
at subtidal random quadrat stations in South Diablo Cove and North
Diablo Cove. DCPP. 1975-1978.
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Figure 81. Mean counts and standard errors per station for Epiactis prolifera at
subtidal random quadrat stations in South Diablo Cove and North
Diablo Cove. DCPP, 1975-1978.
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Figure 82. A. Cancer antennarlus, B.
Dorlopsl I la albopunctata.
Acmaea mitra, C. Astraea glbberosa, D.
(Photos by r:enlel W. Gotshall l.
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Figure 83. Mean counts and standard errors per station for Cancer antennarius at
subtidal random arc stations in South Diablo Cove and North Diablo
Cove. DC??, 1974-1977.
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Figure 84. Mean counts and standard errors per station for Acmaea Mitra at
subtidal random quadrat stations in South Diablo Cove and North
Diablo Cove. DC??, 1975-1978.
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Figure 86. Mean counts and standard errors per station for Astraea gibberosa at
subtidal random quadrat stations in South Diablo Cove and North Diablo
Cove. DCPP, 1975-1978.
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Figure 87. Mean counts and stendard errors per stet Ion tor Oorlopsilia
albopunctata at subtidal random ere stations In South Dleblo Cove and
North Diablo Cove. OCPP, 1974-1977.
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Figure 88. Mean counts and standard errors per station for Doriopsilla
Albopunctata at subtidal random quadrat stations in South Diablo Cove
and North Diablo Cove. DCPP, 1975-1978.
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Figure 89. A. Haliotis rufescens, B. Serpulorbis squamigerus, " lcc
brunnea, D. Tonicella lineata. (Photos by Daniel W. (~ob;ha'tl.
-401-
Haliotis rufescens
- c
a: South Diablo Cove<z 200z- n=6< ....
.... <w ....
OW
zO::
«w 10.J- w
'-' zo::
:::>0
n=120a: n=120a: t n=12 -1--zw +« 0W
~
74 75 76 77
0
0:: North Diablo Cove< 2
-
C zzo
n=12«-J-J-
w«
oJ-
n=12zen
<0:: 1J-w
zo.
:::>en
oa:00
za: n=6 n=12«a: 0i _ WW - -
~
74 75 76 77
YEAR
Figure 90. Mean counts and standard errors per station for Haliotis rufescens at
subtidal random arc stations in South Diablo Cove and North Diablo
Cove. DCPP, 1914-1911.
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Figure 91. Mean counts and standard errors per station for Ha~iotis rufescens at
subtida~ random quadrat stations in South Diablo Cove and North Diablo
Cove. DCPP, 1975-1978.
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Figure 92. Mean counts and standard errors per station for Homalopoma luridum at
subtidal random quadrat stations in South Diablo Cove and North
Diablo Cove. DCPP, 1975-1978.
'-'
4-404-
Serpulorbis squamigerus
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Figure 93. Mean counts and standard errors per station for Serpulorb1s squamigerus
at subtidal random quadrat stations in South Diablo Cove and North
Diablo Cove. DCPP, 1975-1978.
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Figure 94. Mean counts and standard errors per station for Tegula brunnea at
subtidal random quadrat stations in South Diablo Cove and North
Diablo Cove. DCPP, 1975-1978.
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Figure 95. Mean counts and standard errors per station for Tonicella lineata at
subtidal random arc stations in South Diablo Cove and North Diablo
Cove. DCPP, 1974-1977.
Figure 96.
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A. Henricia leviuscula, B. Pateria miniata, 8. Pisaster giganteus.
(Photos by Daniel W. Gotshall).
-408-
Henricia leviuscula .~
C0: South Diablo Cove<z 1
cO
z-<r-
r-<Cl)ti
ca:Zw
.5 n=12<0.. tt-CI) n=23 n=48zo: n=48 t:::>0 + t00:00:ZW
< 0W
~
75 76 77 78
c
O:z North Diablo Cove
<0 1c_ '-zt- n=48
«t-t- tCI)CI)ca: n=24ZW n=48<D.;.
.5 n=20 t tr-CI) tza::::>0Oa:00:
ZW
< 0 -W
~
75 76 77 78
YEAR
Figure 97. Mean counts and standard errors per station for Henricia leviuscula
at subtidal random quadrat stations in South Diablo Cove and North
Diablo Cove. DCPP, 1975-1978.
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Figure 98. Mean counts and standard errors per station for Patiria miniata at
subtidal random arc stations in South Diablo Cove and North Diablo
Cove. DCPP, 1974-1977.
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Figure 99. Mean counts and standard errors per station for Patiria miniata at
subtidal random quadrat stations in South Diablo Cove and North
Diablo Cove. DCPP~ 1975-1978.
-411-
-
Pisaster giganteus
c
a:
<z 5 South Diablo CoveCo
z-<t-t-<Cl)t-
CCI)
zO: n=12<w 2.50.. t1-(1) 0=8"- Zo:::J O t00: n=12 n=12(Ja: +zw +<w 0
~
74 75 76 77
0 North Diablo Cove
a:
- < 5OZ n=12ZO
<-1-1-
cn<t- n=120(1)
Za: 2.5 t<w1-0.. n=12zCI) n=6 t::Ja: +00(Ja:
-
za:
<w 0w
~
74 75 76 77
YEAR
-
Figure 100. Mean counts and standard errors per station for Pisaster giganteus
at subtidal random arc stations in South Dia.blo Cove and North
Diablo Cove. DCPP, 1974-1977. .
Figure 101.
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c.
A. Strongylocentrotus franciscanus, B. Pycnopodia helianthoides, C.
Styela montereyensis. (Photos by Daniel W. Gotshall).
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Figure 103. Mean counts and standard errors per station for Strongylocentrotus
franciscanus at subtidal random arc stations 1n South Diablo Cove
and North Diablo Cove. DCPP, 1974-1977.
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Figure 104. Mean counts and standard errors per station for Strongylocentrotus
franciscanus at subtidal random quadrat stations in South Diablo
Cove and North Diablo Cove. DC??, 1975-1978.
-416-
Styela montereyensis
20 South' Diablo CoveC n=12a::
<zCo
15z_<r-
r-<Cl)1-
cCl)
10za::
<w n=121-0- tZCl):::>0: 500
00:
zO:
n=8 n=12<w ...
w 0
-::E
74 75 76 77
c 20 North Diablo· CoveO:z
<0c_
Zr-
« 15I-r- n=12Cl)C/)
co:
zw 10<0-
I-C/) n=12zo:
:::>0 +00:00:
n=12ZW
< n=6' +w 0
-~
74 75 76 77
YEAR
Figure 105. Mean counts and standard errors per station for Stye1a montereyensis
at subtidal random arc stations in South Diablo Cove and North Diablo
Cove. ncpp. 1974-1977.
Figure 106. Mean counts and standard errors for Tethya aurantia at subtidal
random arc stations 1n North Control. DCPP~ 1974-1977.
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Figure 107. Mean counts and standard errors for Anthopleura xanthogrammica at
subtidal random arc stations in North Control. DCPP~ 1974-1977.
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Mean counts and standard errors for Balanophyllia elegans at sub-
tidal random quadrat stations in North Control. DCPP~ 1976-1978.
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Mean counts and standard errors for Epiactis pro1ifera at subtidal
random quadrat stations in North Control. DCPP~ 1976-1978.
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Figure 110. Mean counts and standard errors for Cancer antennarius at subtidal
random arc stations in North Control. DCPP, 1974-1977.
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Figure 111. Mean counts and standard errors for Acmaea mitra at subtidal random
quadrat stations in North Control. DCPP, 1976-1978.
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Mean counts and standard errors for Astraea gibberosa at subtidal
random arc stations in North Control. ncpp, 1974-1977.
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Mean counts and standard errors for Astraea gibberosa at subtidal
random quadrat stations in North Control. ncpp, 1976-1978.
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Figure 114. Mean counts and standard errors for Doriopsilla albopunctata at
subtidal random arc stations in North Control. DCPP, 1974-1977.
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Figure 115. Mean counts and standard errors for Doriopsilla albopunctata at
subtidal random quadrat stations in North Control. DCPP
1976-1978. '
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Haliotis rufescens
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Figure 116. Mean counts and standard errors for Haliotis rufescens at subtidal
random arc stations in North Control. DCPP, 1974-1977.
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Figure 117. Mean counts and standard errors for Haliotts rufescens at subtidal
random quadrat stations in North Control. DCPP, 1976-1978.
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Homalopoma luridum
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Figure 118. Mean counts and standard errors for H~malopoma luridum at subtidal
random quadrat stations in North Control. DCPP~ 1976-1978.
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Serpulorbis squamigerus
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Figure 119. Mean counts and standard errors for Serpulorbis squamigerus at
subtidal random quadrat stations in North Control. DCPP~ 1976-1978.
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Tegula brunnea
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Figure 120. Mean counts and standard errors for Tegula brunnea at subtidal
random quadrat stations in North Control. DCPP, 1976-1978.
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Figure 121. Mean counts and standard errors for Tonicel1a 1ineata at subtidal
random quadrat stations in North Control. DCPP, 1976-1978.
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Henrleia leviuseula
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Figure 122. Mean counts and standard errors for Henricia 1eviuBcu1a at subtidal
random quadrat stations in North Control. ncpp, 1976-1978.
Patiria miniata
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Figure 123. Mean counts and standard errors for Patiria miniata at subtidal
random arc stations in North Control. DCPP, 1974-1977.
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Patiria miniata
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Mean counts and standard errors for Patiria miniata at subtidal
random quadrat stations in North Control. DCPP, 1976-1978.
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Pisaster giganteus
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Mean counts and standard errors for Pisaster giganteus at subtidal
random arc stations in North Control. DCPP, 1974-1977.
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Pycoopodia heliaothoides
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Figure 126. Mean counts and standard errors for ptcnopodia he1ianthoides at
subtidal random arc stations in North Control. DCPP, 1974-1977.
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Strongylocentrotus franciscanus
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Figure 127. Mean counts and standard errors for Strongylocentrotus franciscanus
at subtidal random arc stations in North Control. DCPP, 1974-1977.
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Strongylocentrotus franciscanus
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Figure 129.
Mean counts and standard errors for Strongylocentrotus franciscanus
at subtidal random quadrat stations in North Control. DCPP,
1976-1978.
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Styela montereyensis
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Mean counts and standard errors for Stye1a montereyensis at subtidal
random arc stations in North Control. DCPP, 1974-1977.
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Figure 130. Mean number and standard errors of fish s~ecies per shallow (-07.6m)
and deep (7.7-15.2m) subtidal random 30-m ~ arc stations in South
Diablo Cove, North Diablo Cove, and North Control. DCPP, 1974-1~77.
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Gibbonsia spp.
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Figure 132. Percent frequency of occurrence of Gibbonsia spp. at subtidal random
arc stations in Diablo Cove. DCPP, 1974-1977.
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Figure 133. Percent frequency of occurrence (by time intervals) and numerical
ranks fishes observed at the timed fish species count stations in
Diablo Cove. ncpp, 1978.
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Figure 134. Percent frequency of occurrence of Orthonopias triacis at subtidal
random arc stations in Diablo Cove. DCPP, 1974-1977.
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Figure 135. A. Scorpaenlchthys.marmor.aius! B. ~_~b~_c:!oc~.Jackso~. c. Emblotoca
lateralls, D. Damallchthys vacca. (Photos by Daniel W. Gotshall).
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Figure 136. Percent frequency of occurrence of Scorpaenichthys marmoratus at
subtidal random arc stations in Diablo Cove. DCPP, 1974-1977.
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Figure 137. Percent frequency of occurrence of Embiotoca Jacksoni at subtidal
random arc stations in Diablo Cove. Depp, 1974-1977.
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Embiotoca lateralis
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Figure 138. Percent frequency of occurrence of Embiotoca lateralis at subtidal
random arc stations in Diablo Cove. DCPP, 1974-1977.
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Figure 139. A. COryphopterus nicholsii, B. Hexagrammos decagrammus, C. Ophiodon
elongatus, D. Oxylebius pictus (Photos by Daniel W. Gotshall).
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Figure 140. Percent frequency of occurrence of COryphopterus nicholsii at subtidal
random arc stations in Diablo Cove. DCPP, 1974-1977.
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Figure 141. Percent frequency of occurrence of Hexagrammos decagrammus at subtida~
random arc stations in Diablo Cove. DCPP, 1974-1977.
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Figure 142. Percent frequency of occurrence of Ophiodon e10ngatus at subtidal
random arc stations in Diablo Cove. nepp, 1974-1977.
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Figure 143. Party boat ~tch-per-unitoooQt-etrort ( ••••••• ) and percent frequency of
occurrence (I) of Lingcod, Ophiodon elongatus, at subtidal random arc
stations. DCPP, 1968-1977.
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Oxylebius pictus
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Figure 144. Percent frequency of occurrence of Oxylebius pictus at subtidal random
arc stations in Diablo Cove. DCPP, 1974-1977.
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Oxyjulis californica
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Figure 145. Percent frequency of occurrence of Oxyjulis californica at subtidal
random arc stations in Diablo Cove. DCPP, 1974-1977.
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Figure 146. A. Sebastes carnatus, B. Sebastes chrysomelas, C. Sebastes mystinus,
D. Sebastes serronoides. (Photos by Daniel W. Gotshall).
Sebastes carnatus
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Figure 147. Percent frequency of occurrence of Sebastes carnatus at subtidal
random arc stations in Diablo Cove. DCPP~ 1974-1977.
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"- Figure 148. Percent frequency of occurrence of Sebastes Chli:somelas at subtidal
random arc stations in Diablo Cove. DCPP~ 197 -1977.
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Figure 149. Percent frequency of occurrence of Sebastes mystinus (adult and
juvenile) at subtidal random arc stations in Diablo Cove. DCPP,
1974-1977.
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Figure 150. Percent frequency of occurrence of Sebastes serranoides at subtidal
~ random arc stations in Diablo Cove. DCPP, 1974-1977.
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Figure 151. Percent frequency of occurrence of Gibbonsia spp. at subtidal random
arc stations in North Control. DCPP, 1974-1977.
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Artedius corallinus
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Figure 153. Percent frequency of occurrence of Artedius corallinus at subtidal
random arc stations in North Control. DCPP, 1974-1977.
Orthonopias triacis
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Figure 154. Percent frequency of occurrence of Orthonopias triacis at subtidal
random arc stations in North Control. DCPP, 1974-1977.
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Scorpaenicthys marmoratus
0 ...- ..................- ....- .......
40
Q)
g 100
Q)
~
~ 80
C,)
C)
o 60
74 75 76 77
YEAR
Figure 155. Percent frequency of occurrence of Scorpaenichthys marmoratus at
subtidal random arc stations in North Control. DCPP, 1974-1977.
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Figure 156. Percent frequency of occurrence of Damalichthys vacca at subtidal
random arc stations in North Control. DCPP, 1974-1977.
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Figure 157. Percent frequency of occurrence of Embiotoca jacksoni at subtidal
random arc stations in North Control. DCPP, 1974-1977.
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Figure 158. Percent frequency of occurrence of Embiotoca lateralis at subtidal
random arc stations in North Control. DCPP, 1974-1977.
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Figure 159. Percent frequency of occurrence of Coryphopterus nicho1sii at subtidal
arc stations in North Control. DCPP, 1974-1977.
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Hexagrammos decagrammus
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Figure 160. Percent frequency of occurrence of Hexagrammos decagrammus at subtidal
random arc stations in North Control. DCPP, 1974-197,.
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Ophiodon elongatus
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Figure 161. Percent frequency of occurrence of Ophiodon elonfatus at subtidal
random arc stations in North Control. DCPP, 197 -1977.
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Figure 162. Percent frequency of occurrence of Oxy1ebius pictu8 at subtidal random
arc stations in North Control. DCPP, 1974-1977.
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Oxy julis californicaQ)
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Figure 163. Percent frequency of occurrence of OxyJulis californica at subtidal
random arc stations in North Control. DCPP, 1974-1977.
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Figure 164. Percent frequency of occurrence of Sebastes carnatus at subtidal
random arc stations in North Control. DCPP, 1974-1977.
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Figure 165. Percent frequency of occurrence of Sebastes chrysomelas at subtidal
random arc stations in North Control. DCPP, 1974-1977.
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Figure 166. Percent frequency of occurrence of Sebastes rn[stinus (adult and
juvenile) at subtidal random arc stations in North Control. ncpp,
1974-1977.
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Figure 167. Percent frequency of occurrence of Sebastes serranoides at subtidal
random arc stations in North Control. ncpp, 1974-1977.
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Figure 168. Percent frequency of occurrence of fishes observed at shallow and deep
arc stations in Diablo Cove and North Control. DCPP, 1974-1977.
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Cove increase in temperature, from the input of the warm cooling water
discharged into the Cove, new species will take up residence in the Cove.
Permanent Station Studies
Brown Algae
Methods
A. Field
In 1970, Department of Fish and Game biologists established five permanent
stations in Diablo Cove (9, 10, 11, 12, and 16) and six control stations
outside Diablo Cove; three in Field's Cove (6, 7, and 8) and three in the two
coves south of Diablo Cove (13, 14, and 15) (Figure 72) (Burge and Schultz
1973). These stations were marked with polypropylene ropes cemented into the
substrate. Each station was 30 m long by 2 m wide. Surface buoys attached by
lines to the anchored ropes were used to relocate stations. The stations were
maintained during the 1970-81 surveys, but were abandoned thereafter until we
began our studies in 1973.
When our study team began subtidal surveys in the summer of 1973, we had to
find and re-mark the permanent stations. We were assisted in the operation by
Richard Burge. We were able to locate all of the stations in Diablo Cove and
Field's Cove, but only one of the stations (15) in the coves south of Diablo
Cove. The two unlocated control stations in South Cove (13 and 14) were never
re-established. Station 8 was lost and re-established three times between 1973
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and 1975, and then lost to storm seas in 1978 and was not re-established. A
sixth station in Diablo Cove (1) was established in 1977.
During our studies, we have had to relocate all of these stations at least
once. Stations 9, 11, 12, and 16 have always been relocated in approximately
the same area as the original stations. The original station 10 markers,
however, were lost in 1976 and the situation was re-established in
approximately the same depth, but slightly to the south of the original area.
Our attempts to establish permanent markers at each station, to prevent
straying of the 30 m transect line, have consistently met with failure. Thus,
the results of our surveys of the permanent stations must be tempered by the
fact that the counts are not surveys made in the same 30 x 2 m area each time
the station was surveyed. However, the population trends of the major plants
and animals at the permanent stations usually paralleled the results at the
random stations.
Surveys of each permanent station were attempted during the winter, spring,
and fall seasons. The surveys were conducted by two divers who swam along
either side of a 30 m transect line between the permanent end markers. Each
diver counted or noted presence/absence of brown algae, observed within 1 m to
either side of the transect line. The total area covered was 60-m2 •
Numbers or estimate of abundance of brown algal are listed in Appendix 8.
B. Laboratory
There was no laboratory activity involved with the brown algal studies at
subtidal permanent station.
--
--
-
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C. Statistical
Statistical ana~sis was not performed on the permanent station brown algae
data because the total population in the station area was counted rather than a
portion sampled.
Results
A. Diablo Cove
Laminaria dentigera
At all three permanent stations in mid-Diablo Cove (9, 10, and 11), L.
dentigera increased dramatical~ in number during the study periods
(Table 114). At two of these stations (9 and 11), the increase was tenfold or
better. At the remaining station the number more than doubled. Station 16, in
southeast Diablo Cove, also demonstrated a substantial increase in L. dentigera
numbers. Station 1, recent~ established just outside Diablo Cove, was
relatively stable during the two periods in which it was sampled. Station 12
was located in water apparent~ too deep (19.8-21.4 m) for rich L. dentigera
growth since we found only two individuals during only one sampling period
(Table 114).
Pterygophora ca1ifornica
Results of our studies indicate that P. californica exhibited trends
similar to L. dentigera. At Stations 9 and 11 there was an approximately
TABLE 114.
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Numbers of Laminaria denti~era, Pterygophora
californica, and Nereos¥stls luetkeana at
Permanent Subtidal Statlons in Diablo Cove.
DCPP, 1974-1978.
-
-------
Spring Winter Spring Winter Spring Winter Spring Winter Spring StationStation 1974 1974-75 1975 1975-76 1976 1976-77 1977 1977-78 1978 Depth (III)
STATION 9
Cl ClUJ UJ
>- >-Laminaria 22 27 71 50 110 150 UJ UJ 218 4.6 - 7.6> >
0: 0:
::> ::>Pterygophora 40 78 244 245 210 241 VI VI 317
l- I-
191 55 35 17 a aNereoctjstis 64 76 z z 0
STATION 10
Cl Cl ClUJ UJ UJ>- >-
192 >-Daminaz'icl 132 UJ 107 UJ 124 216 UJ 279 12.2 - 13.7> > :>0: 0: 0:::>
172 ::> 232 212 241 ::>Pten;gophora 120 VI VI VI 226l- I- I-a
2 a 2 aNereocystis 99 z ?- 35 0 z 0
STATION 11
Cl
UJ
-
>-Lam.in;:Ir.ilJ 31 79 107 UJ 108 292 297 301 406 12.2 - 15.2:>0:
0 15 44 ::> 103 123 123Pterygophora VI 115 138I-
2 61 aNereocyst.is 60 z 0 0 0 0 0
STATION 12
Laminaria 2 0 0 0 0 0 0 0 0 19.8 - 21.4
Pterygophora 0 0 0 0 0 0 0 0 0
Nereocyst.is 0 0 0 0 0 0 0 0 0
----
STATION 16
0 Cl
UJ UJ5 43 65 >- >- 213 3.0 - 3.4
Laminaria 0 0 UJ UJ
> :>
0: 0:209 0 220 240 205 210 ::> ::> 246Pterygophora VI VI
l- I-
-
? 0 3 0 0 a 0
Nereobystis 0 0 z z
STATION 1 (Established in 1977)
Latriinaria 176 197 7.6 - 14.6
Pterygophora 6 111
Nereocystis 19 21
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tenfold increase while at Station 10 numbers almost doubled. Station 16
numbers remained very stable through the study with between 200 and 250 plants
found each sampling period. P. californica increased over the two periods
sampled at Station 1 but was never noted at Station 12 (Table 114).
Nereocystis luetkeana
Stations 1~ 10~ and 11 all exhibited the decline in N. luetkeana numbers
that were noted at random 30-m2 and 0.25-m2 stations (Figures 75 and
76). The increase in numbers seen at random stations in 1975 was evident at
the permanent Diablo Cove stations only at Station 9. N. luetkeana were
recorded at Station 16 during only two of the sampling periods and none were
sampled at Station 12. N. luetkeana was present at Station 1 in moderate
numbers during both periods that we sampled at that station (Table 114).
B. Control Areas
Laminaria dentigera
In contract to results from Diablo Cove~ L. dentigera numbers remained
relatively stable during the study years at the control stations. There were
some increases~ but the changes were not as dramatic as in Diablo Cove
(Table 115).
TABLE 115.
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Numbers of Laminaria dentigera, Pterygophora
ca1ifornica, and Nereocystis luetkeana at
Permanent Subtidal Stations in Control Areas.
DCPP, 1974-1978.
Spring Winter Spring Winter Spring Winter Spring Winter Spring Station
Station 1974 1974-75 1975 1975-76 1976 1976-77 1977 1977-78 1978 Depth(m)
STATION 6 Cl Cl ClW W
W >- >-
13 >- 27 20 29 w 24 w~aminaria w > > 39 4.3 - 8.5
> ex: ex:
ex: ::> ::>
37 ::> 114 134 79 VI 97 VI 133Pterygophora VI
l-
I- I-
0 0
58 0 2 0 z 0 zNereocyst .is z
STATION 7 Cl Cl ClW W
W >- >-
9 >- 47 25 22 37 w wI.aminaria w 41 > > 9.2 - 10.7
> ex: ex:
ex: ::> ::>
Pterygophora 172 ::> 373 283 296 379 336 VI VIVI
l- I- I-0 0
38 0 47 ' 7 0 0 z zNereocystis z
STATION 15 Cl
w
Laminaria 97 >- 47 64 92 106 114 145 0 4.6 - 13.7w
>
ex:
Pterygophora 0 ::> 0 0 2 0 0 12 0VI
I-
31 0 0 0 0 0 12'3 41 0Nereocystis z
-
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Invertebrates
Methods
A. Field
The surveys of invertebrates at permanent stations were conducted by two
divers who swam along either side of the 30 m transect line stretched between
the markers described in Field Method section for the brown algae. Each diver
counted or noted presence/absence of macro-invertebrates (10 mm or larger)
observed within 1 m either side of the transect line. The divers recorded the
data on waterproof slates. In addition the divers recorded the horizontal
underwater visibility.
B. Laboratory
Data from each station was transferred to permanent record sheets;
collected animals that could not be identified in the field were identified and
either released alive or put into our reference collection.
c. Statistical
The mean densities per station per year for the more common invertebrates
were analyzed Qy the Kruskal-Wallis test to determine if significant changes in
abundances has occurred over time. Probably because of the small sample size,
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none of the animals showed significant changes (p ~ 0.05) in abundance
(Table 116). The counts from the (1970-71) surveys Qy Burge and Schultz were
not included in the tests.
Results
A. Diablo Cove
To provide comparability, only those species covered in the results of the
random arc stations will be presented in this Permanent Station Results
section. Counts of the other plants and animals observed at the permanent
stations are listed in Appendix 8. Arbitrarily in the discussion below, we
have considered stations that depths were 7.6 m or less as shallow stations,
and the stations 7.7 m or more as deep stations.
PORIFERA
Tethya aurantia
The mean density of orange puffball sponges changed little at the shallow
Diablo Cove permanent stations (9 and 16) during the study (Figure 169). At
the stations deeper than 7.6 m (10, 11, and 12), orange puffball sponges
appeared to increase slightly over the years (Figure 170). Tethya were also
more abundant at the deep stations than at the shallow stations.
( ( ( (
TABLE 116. Results of Kruskal-Wal lis Analysis on Invertebrate Abundances Over Time at Diablo Cove and Control Areas
Permanent Subtidal Statlosn. DCPP, 1973-1978.
Diablo Cove Stations Control Stations
Speci as 9 10 11 12 16 6 7 15
Tethya aurantla 0.4799 0.2353 0.0826 0.3452 0.3237 0.6186 0.2527 0.1498
Anthopleura xanthogrammlca 0.3756 0.2535 0.2733 0.1473 0.5884 0.1579 0.1823 0.2678
Cancer antennarlus 0.2666 0.5341 0.4934 0.7512 0.3400 0.2900 0.7358 0.1978
---
Astraea glbberosa 0.3539 0.5607 0.1891 0.3228 0.2242 0.6747 0.7139 0.2125
Dorlpsilia albopunctata 0.1409 0.2359 0.1280 0.4201 0.4327 0.1812 0.3427 0.1520
Hallotis rufescens 0.1641 0.2206 0.0514 0.4799 0.2667 0.3232 0.4060 0.1272 I
,j:>.
0'\
Patlrla mlnlata 0.1962 0.3144 0.4951 0.1272 0.3967 0.7664 0.1983 0.4319 LnI
Plaster glganteus 0.3211 0.3940 0.7360 0.3515 0.6865 0.3008 0.3343 0.6716
Pycnopodla hellantholdes 0.3238 0.4808 05242 0.2466 0.1656 0.7102 0.0942 0.1752
Strongylocentrotus
franclscanus 0.2399 0.2629 0.1086 0.2173 0.1562 0.2032 0.1520 0.1308
Styela montereyensls 0.3324 0.2484 O. 1648 1.0000 0.3269 0.2233 0.1215 0.2137
Station Depths (m) 4.6-7.6 12.2-13.7 12.2-15.2 19.8-21.4 3.0-3.4 4.3-8.5 9.2-10.7 4.6-13.7
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CNIDARIA
Anthopleura xanthogrammica
Giant green anemones increased in abundance at stations shallower than 7.6
m (Figure 171). However, in 1978 there was a sharp decline in observed giant
green anemones. At Station 10, where the depth ranges from about 10.7 to 12 m,
the abundance also showed an apparent increasing trend, but without the decline
in 1978. At the two deepest stations (11 and 12), giant green anemone density
appeared to change a little (Figure 172). Giant green anemones were less
numerous at the deepest stations than at the shallower stations.
ARTHROPODA
Cancer antennarius
Rock crabs showed little change in density at Diablo Cove permanent
stations (Figure 173), with the exception of Station 9 where there was an
increase in density from 1973 through 1977, then an apparent sharp decline.
They appeared to be slightly more abundant at shallow stations than at the deep
stations (Figures 173 and 174).
MOLLUSCA
Astraea gibberosa
Red turban snails appeared to decline in abundance at Station 9, but no
such trend was evident at the other stations where densities fluctuated from
--
-
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year to year (Figure 175). They appeared to be more abundant at the mid-depth
Stations 9, 10, and 11 than at the deepest stations, 12, or the shallowest
station 16 (Figure 176).
Doriopsi1la albopunctata
Observed densities of white-speckled nudibranchs fluctuated from year to
year at most Diablo Cove permanent stations, with no apparent trend except fOr
Station 12, where they appeared to increase in density (Figures 177 and 178)
the lowest observed densities at all stations were noted at Station 16.
Haliotis rufescens
Red abalone were abundant only at Station 16 during the 1970-71 surveys
(Burge and Schultz 1973) and 1973 when we first began the present studies. In
1974 and 1975, the observed numbers of red abalone declined sharply at Station
16 and have remained at low levels ever since (Figures 179 and 180).
ECHINODERMATA
Patiria miniata
Sea bats were more abundant at the shallow stations in 1974, then declined
at Stations 9 and at Station 16 (Figure 181). At the three deeper Diablo Cove
permanent stations, there was an increasing trend in observed abundance over
the years (Figure 182).
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Pisaster giganteus
Giant-spined sea stars' observed density fluctuated from year to year at
shallow stations with no evident trend (Figure 183). At deep Station 12, there
was an increasing trend, while at Stations 10 and 11, there was slight
decreased in observed abundance (Figure 184). Giant-spined sea stars appeared
to be more abundant at the deeper stations.
Pycnopodia helianthoides
The year-to-year observed changes in density of sunflower stars followed no
apparent pattern at any of the stations (Figures 185 and 186).
Strongylocentrotus franciscanus
The observed density of giant red sea urchins declined substantially at all
Diablo Cove permanent stations except 12 (Figures 187 and 188). The sharpest
decline occurred between 1973 and 1974. Prior to the observed declines, giant
red sea urchins were most abundant at mid-depth stations.
CHORDATA
Styela montereyensis
The observed density of stalked tunicates reached a peak in 1976, then
apparently declined at all Diablo Cove permanent stations, except 12 where they
have not been observed (Figures 189 and 190). They were more abundant at the
mid-depth stations (9, 10, and 11).
--
-
-
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B. Control Areas
PORIFERA
Tethya aurantia
Orange puffball sponge densities increased at Station 7 (Figure 191).
CNIDARIA
Anthopleuraxanthogrammica
Very little change in observed density of giant green anemones' were noted
at control stations (Figure 192).
ARTHROPODA
Cancer antennarius
Rock crabs were not abundant at any of the control stations. Their
observed mean density fluctuated over the years at all stations (Figure 193).
MOLLUSCA
Astraea gibberosa
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Observed mean densities of red turban snails changed little over the years
at control stations (Figure 194). The,y were most abundant at Station 7 in
Field's Cove.
Dendrodoris albopunctata
White-speckled nudibranch observed densities increased at Stations 6, 7 and
15 (Figure 195).
Ha1iotis rufenscens
Mean densities of red abalone declined at Stations 15 and 17 (Figure 196).
ECHINODERMATA
Patiria miniata
Observed abundance of sea bats changed little at Station 6; at Station 7,
there was a decline in abundance from 1973 through 1976 and subsequent increase
from 1976 through 1977 (Figure 197). There appeared to be an increase in their
density at Station 15.
Pisaster giganteus
Observed densities of giant-spined sea stars increased over the years at
Stations 6 and 7 (Figure 198).
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Pycnopodia he1ianthoides
Sunflower stars were not abundant in any of our study areas; on the
average, we usual~ observed one or two at each permanent control station
during a survey (Figure 199).
Strongylocentrotus franciscanus
Giant red sea urchins declined in abundance at Stations 6, 7, and 15
(Figure 200). It should be pointed out that the sharp declines in densities at
Station 15 occurred in 1977 and 1978, while the decline at Station 6 and 7
started in 1974.
CHORDATA
Styela montereyensis
As in Diablo Cove, 1976 was a peak year for densities of stalked tunicates
(Figure 201). The increase was followed by a decrease in abundance at all
three stations.
Discussion
As indicated in the Results section of the subtidal permanent station
surveys, the Kruskal-Wa11is tests to detect significant changes in densities
over the years were not significant at the (p ~ 0.05) 95% level for any of the
eleven invertebrate species tested. However, some of the trends observed at
the Diablo Cove random stations were reflected in the Diablo Cove permanent
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station data. This was particularly true for giant red sea urchins which -'
decreased from a mean density of 74.12 per station at Diablo Cove random arc
station in 1974, to a density of 0.67 per station in 1977 (Figure 102). In the
North Control they declined from 125.33 per station in 1974 to 5.70 per station
in 1977 (Figure 127).
Fish Species Occurrence Stugy
Methods
A. Field
At the permanent stations described in the Permanent Station Brown Algae
Methods section, as visibility allowed, the two divers recorded all fish
species observed on and in the vicinity of the 30 m transect.
B. Laboratory
We attempted to collect any unidentified fish observed at the permanent
stations. These were returned to the laboratory for identification released in
Intake Cove or preserved for our reference collection.
C. Statistical
The fish data from the permanent stations was not subjected to statistical
analysis.
-
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The frequency of occurrence of each fish species is given by station and Qy
area for Diablo Cove and Control Areas. The mean number of species seen at
each station is given by year for the study areas.
Results
A. Diablo Cove
A total of 31 species of fishes were recorded at the six Diablo Cove
permanent stations during our studies (Table 117). All of the species observed
at permanent stations were also observed at random station except canary
rockfishes, Sebastes pinniger, and Pacific sanddabs, Citharichtys sordidus.
Observations at Station 9 yielded the largest number of species (23),
followed by Stations 12 and 16, respectively (Table 118). Station 12 produced
the highest average number of species per survey during a single year: 12.5
survey in 1974 (Figure 202).
Station 10 in 1975 and 1976, and Station 16 in 1977, yielded the lowest
average species counts per survey (Figure 202).
When all years' observations were combined, blue rockfishes ranked first in
frequency of occurrence followed b,y painted greenlings and blackeye gobies
(Figure 203). Fish that were observed at every station were: coralline
sculpins, cabezon, kelp greenlings, painted greenlings, gopher rockfishes, and
blue rockfishes.
TABLE 117.
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Summary of Fish Species Observed at Subtidal Permanent
Stations in Diablo Cove and the Control Areas. ncpp,
1973-1978.
'-
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TABLE 118. Frequency of Occur renee of FIshes Observed at Permanent Subtidal
Stations, Diablo Cove, DCPP, 1973 - 1978.
S tat o n
9 10 11 12 16 Total s Rank
Species
BATHYMASTERIDAE
Rathbunella hypoplecta 0 0 0 5 8 0 13 8
BOTH IDAE
Cltharlchthys sordldus 0 0 0 0 2 18
CEBIDICHTHYIDAE
Cebldlchthys vlolaceus 0 2 0 0 0 3 17
CLiNIDAE
Glbbonsla spp. 0 6 0 0 ·5 12 9
COTTIDAE
Artedlus corailinus 1 1 3 1 3 2 11 10
Orthonoplas trlacls 0 3 4 7 4 2 20 6
Jordanla zonope 0 1 0 2 2 0 5 15
Scolpaenlchthys marmoratus 1 6 4 4 5 6 26 5
-
EMB IOTOC IDAE
Brachylstus frenatus 0 0 0 0 0 1 1 19
Cymatogaster aggregata 0 0 0 0 0 1 1 19
Dama II chthys~ 0 1 0 2 4 4 11 10
Emblotoca Jackson I 0 1 1 0 6 0 8 12
Emblotoca lateralls 2 6 0 3 6 9 26 5
Hypsurus caryl 0 2 0 0 1 1 4 16
Rhacochlles toxotes 0 0 0 0 2 2 4 16
GASTEROSTEIDAE
Aulorhynchus flavldus 0 2 0 0 0 3 17
GOBIIDAE
Coryphopterus nlcholsll 0 5 7 9 10 0 31 3
-
HEXAGRN4M IDAE
Hexagrammos decagrammus 2 3 3 4 5 3 20 6
Ophlodon elongatus 0 2 1 4 4 0 11 10
Oxyleblus plctus 2 9 6 11 11 2 41 2
LABRIDAE
OxyJullus ca I Itorn Ica 0 0 0 4 6 14
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TABLE 118. (Cont Inued )
S t a t I o n
9 10 11 12 16 Total s Rank
Species
SCORPAENIDAE
Sebastes atrovlrens 0 6 0 0 0 3 9 11
Sebastes carnatus 2 1 4 11 11 1 30 4
Sebastes chrysomelas 1 10 1 0 1 5 18 7
Sebastes melanops 0 0 0 4 3 0 7 13
Sebastes mlnlatus 0 0 0 2 4 0 6 14
Sebastes mystlnus 1 10 6 12 8 5 42 1
Sebastes plnnlger 0 0 1 0 4 0 5 15
Sebastes rastreiliger 0 1 0 0 0 5 6 14
Sebastes serranoldes 1 1 0 3 3 0 8 12
STI CHAE IDAE
Chlrolophls nugator 0 0 0 0 2 18
TOTAL SlRVEYS 2 10 8 12 11 9 52
TOTAL SPEC IES 9 23 13 19 21 20
-
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B. Control Areas
Observations at the four permanent control station yielded 29 species of
fish (Table 118). We observed the highest number of species at Station 6 in
Field's Cove (Table 119); although Station 8 yielded the highest mean number
during any one year, 13 in 1975 (Figure 204). Station 8 also produced the
lowest mean count, 3 in 1973. There was an apparent declining trend in the
number of species at Station 15. Blue rockfishes, painted greenlings, and
black-and-yellow rockfishes ranked first, second, and third in occurrence,
respectively at the Control Stations (Figure 205).
Discussion
As mentioned in the discussion of the fish at random stations, Burge and
Schultz (1973), recorded 24 species of fish at the permanent subtidal stations.
During our surveys of these stations from 1973 through mid 1978, we have
observed a total of 35 species (Table 117). The fact that more surveys were
involved with the present studies probably accounts for the large discrepancy
in totals.
As at the random stations, blue rockfishes were at the most frequently
observed species followed by painted greenlings which agrees with the finding
of Burge and Schultz (1973).
Two warm temperate fish, California sheephead, Pimelometopon pulchrum, and
swell sharks, Cephaloscyllium ventriosum, were observed at control stations but
not in Diablo Cove. Both of these species may become part of the Diablo Cove
fish fauna after the power plant begins operating. The fact that more species
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TABLE 119. Frequency of Occurrence of Fishes Observed at Permanent Subtidal
Station, Control Areas. DCPP, 1973 - 1978.
Specl es
S tat Ion
6 7 8 15 Total s Rank
ANARICHADIDAE
Anarrlchthys ocellatus 3 0 0 0 3 14
BATHYMASTERIDAE
Rathbunella hypoplecta 0 0 0 16
CLINIDAE
GlbbonslZl spP. 0 2 2 5 12
COTTIDAE
Artedlus coral linus 1 2 2 2 7 10
OrthonoplZls trlZlcls 2 5 3 5 15 6
Scorpaehlchthys marmorZltus 3 3 2 6 14 7
EMBIOTOCIDAE
Damallchthys vacca 1 2 1 0 4 13
EmblotocZl Jacksonl 2 2 1 I 6 11
--
Emblotoca IZlteralls 3 4 3 7 17 5
Phanerodon atrlpes 0 0 0 3 3 14
Rhacochl les toxotes 1 1 0 0 2 15
GASTEROSTEIDAE
Aulorhynchus flZlvldus 0 0 0 16
GOOIIDAE
Coryphopterus nlcholsll 8 3 0 6 17 5
HEXAGRAMM IDAE
Hexagrammos decZlgrammus 4 6 2 6 18 4
Ophlodon elongZltus 3 4 2 3 12 8
Oxyleblus plctus 7 5 4 9 25 2
- LABRIDAE
OxyJullus callfornlca 1 2 1 5 12
Plmelometopon pulchrum 0 0 2 2 15
SCORPAENIDAE
SebZlstes atrovlrens 6 3 0 3 12 8
Sebastes carnatus 6 5 0 4 15 6
Sebastes chrysomelas 8 2 2 9 21 3
Sebastes melanops 4 0 0 0 4 13
Sebastes mlnlatus 1 0 0 1 2 15
Sebastes mystlnus 8 8 4 10 30 1
Sebastes plnnlger 0 0 0 1 1 16
Sebastes rastreiliger 1 1 0 0 2 15
Sebastes serranoldes 1 2 0 7 10 9
TABLE 119. (Cont I nued )
Specl es
SCYLLCRH I NI DAE
Cephaloscyilium ventrlosum
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S tat 0 n
6 7
o
8
o
15
o
Total s Rank
16
'-'
TOTAL SlRVEYS
TOTAL SPECIES
6
24
9
19
4
13
11
20
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of fish were observed at random 30-m2 arc stations in Diablo Cove (37
species) than at the permanent stations (31 species) is probably due to the
fact that there were more random stations and the random stations tend to
sample all the different types of habitat in Diablo Cove, while the permanent
stations do not.
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Figure 169. Means and ranges per station for Tethya auranta at subtidal permanent
stations 9 and 16 in Diablo Cove. ncpp, 1970-1978.
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Figure 170. Means and ranges per station for Tethya aurantia at subtidal
permanent stations 10, 11 &12 in Diablo Cove. DCPP, 1970-1978.
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Figure 171. Means and ranges per station for Anthopleura xanthogrammica at
subtidal permanent stations 9 and 16 in Diablo Cove. ncpp,
1970-1978.
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Figure 172. Means and ranges per station for Anthop1eura xanthogrammica at
subtidal permanent stations 10. 11 & 12 in Diablo Cove. DCPP.
1970-1978.
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Figure 173. Means and ranges per station for Cancer antennarius at subtidal
permanent stations 9 and 16 in Diablo Cove. DCPP, 1970-1978.
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Figure 174. Means and ranges per station for Cancer antennarius at subtidal
permanent stations 10, 11 &12 in Diablo Cove. DCPP, 1970-1978.
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Figure 175. Means and ranges per station for Astraea gibberosa at subtidalpermanent stations 9 and 16 in Diablo Cove. DCPP, 1970-1978.
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Figure 176. Means and ranges per station for Astraea gibberosa at subtidal
permanent stations 10,'11 &12 in Diablo Cove. DCPP,1970-1978.
40
-490
Station 9
n=1
not sampled
-
n=2
...
n=3
-I-
n=2
...
n=10=1 -
-
40
70 71 72 73 74 75 76 77 78
Station 16
n=2
-I-
o
Figure rn.
not sampled n--1 n-2
_ n=1 .... ~ n=1
- -
70 71 72 73 74 75 76 77 78
YEAR
Means and ranges per station for Doriopsilla albopunctata at subtidal
permanent stations 9 and 16 in Diablo Cove. DCPP, 1970-1978.
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Figure 178. Means and ranges per station for Doriopsilla albopunctata at
subtidal permanent stations 10, 11 &12 in Diablo Cove. DCPP,
1970-1978.
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Figure 179. Means and ranges per station for Ha1iotis rufescens at subtidal
permanent stations 9 and 16 in Diablo Cove. DCPP~ 1970-1978.
(Station 10
(
Station 11
( (
Station 12
(
'C/)
w
C"z
zo
<-0:1-
'o~
Zc/)
<'a:
Zw
<'0-
w
~
" " "Q) Q)
Q)
a. a. a.E E E
co co co
f/) f/) f/)
-
(5 -0 0
c: c: c:
n-3 ~3 n=1 n=2 n=1 n=2 n=1 ~ n=3 n=3 n=1 n=3 n=3 n=2 n=2 n= 1 n=3 n=3 n=1 n=2 n=2
- - - -- - -
--..----
-
i i i i i i i i
70 71 72 73 74 75 i6 77 78 70 71 72 73 74 75 76 77 78 70 71 72 73 74 75 76 77 78
YEAR YEAR YEAR
I
"""~
w,
Figure 180. Means and ranges per station for Haliotis rufescens at subtidal
permanent stations 10, 11 &12 in Diablo Cove. DCPP, 1970-1978.
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Figure 181. Means and ranges per station for Patiria miniata at subtidal permanent
stations 9 and 16 in Diablo Cove. DCPP 9 1970-1978.
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Figure 182. Means and ranges per station for Patiria miniata at subtidal
permanent stations 10, 11 & 12 in Diablo Cove. DCPP, 1970-1978.
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Figure 183. Means and ranges per station for Pisaster giganteus at subtidal
permanent stations 9 and 16 in Diablo Cove. DCPP, 1970-1978.
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Figure 184. Means and ranges per station for Pisaster giganteus at subtidal
permanent stations 10, 11 & 12 in Diablo Cove. DCPP, 1970-1978.
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Figure 185. Means and ranges per station for Pycnopodia he1ianthoides at subtidal
permanent stations 9 and 16 in Diablo Cove. DC??, 1970-1978.
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Figure 186. Means and ranges per station for Pycnopodia helianthoides at
subtidal permanent stations 10, 11 &12 in Diablo Cove. DCPP,
1910-1918.
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Figure 187. Means and ranges per station for Strongylocentrotus franciscanus at
subtidal permanent stations 9 and 16 in Diablo Cove. DCPP,
1970-1978.
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Figure 188. Means and ranges per station for Strongylocentrotus franciscanus at
subtidal permanent stations 10, 11 &12 in Diablo Cove. ncpp,
1970-1978.
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Figure 189. Means and range~ per *station for Stlela monterelensis at subtidal
permanent stations 9 and 16 in Diablo Cove. DCPP, 1970-1978.
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Figure 190. Means and ranges per station for Styela montereyensis at subtidal
permanent stations 10, 11 &12 in Diablo Cove. DCPP, 1970-1978.
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Figure 191.
(
Means and ranges per station for Tethya aurantia at subtidal
permanent stations 6, 7 & 15 in Control Areas. DCPP, 1970-1978.
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Figure 193. Means and ranges per station for Cancer antennarius at subtidal
permanent stations 6, 7 & 15 in the Control Areas. DCPP,
1970-1978.
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Figure 194. Means and ranges per station for Astraea gibberosa at subtidal
permanent stations 6, 7, & 15 in the Control Areas. DCPP,
1970-1978.
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Figure 195. Means and ranges per station for Doriopsilla albopunctata at
subtidal permanent stations 6, 7 & 15 in the Control A.reas. DCPP,
1970-1978.
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Figure 196. Means and ranges per station for Haliotis rufescens at subtidal
permanent stations 6, 7, & 15 in the Control Areas. DCPP,
1970-1978.
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Figure 197. Means and ranges per station for Patiria miniata at
permanent stations 6, 7, & 15 in the Control Areas.
1970-1978.
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Figure 198. Means and ranges per station for Pisaster ~iganteus at subtidal
permanent stations 6, 7, & 15 in the Control Areas. DCPP,
1970-1978.
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Figure 199. Means and ranges per station for Pycnopodia helianthoides at
subtidal permanent stations 6, 7, & 15 in the Control ~reas.
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Figure 200. Means and ranges per station for Strongylocentrotus franciscanus at
subtidal permanent stations 6, 7, & 15 in the Control Areas. DCPP,
1970-1978.
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MISCELLANEOUS STUDIES
Tidepool Fish Study
This study was conducted in order to determine intertidal fish species
composition.
Methods
A. Field
Intertidal fish collections were conducted either Qy using an ichthyocide
or by draining a selected tidepool using a small bilge pump connected to a 12
volt battery. We were able to pump out a pool averaging 7.5 m3 in about 30
\
minutes. Fish were captured Qy hand and by dip nets, identified, and measured
for total length (TL) or standard length (SL). Live fish were then released in
adjacent tidepools.
B. Laboratory
Unidentifiable fish were taken to the laboratory for final identification.
Selected species were saved for stomach content analysis (See Fish Stomach
Content Study).
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Results
During the 1970-71 Department of Fish and Game studies, three collections
of intertidal fishes were made in South Diablo Cove and one collection in
Field's Cove (Burge and Schultz 19(3).
To determine species composition of intertidal fish at our North Control
area, two fish collections were made (Table 120), the first using rotenone (a
chemical ichthyocide), and the second by draining a tidepool. A tidepool in
South Diablo Cove was also drained to compare the species composition with that
of North Control. The two North Control collections yielded a total of 13
species including the Gibbonsia spp. complex, which may contain three species
(G'~ elegans, G. metzi, and Q. montereyensis). Members of the genus Gibbonsia
are ver,y difficult to differentiate in the field requiring microscope
evaluation of the spacing of dorsal fin rays, and presence/absence of scales on
the caudal peduncle and caudal fin.
The first collection at North Control (using rotenone) yielded 170 fish
from a tidepool about 0.7 m above mean level low water (estimated elevation),
approximately 7.6 m long x 3.1 m wide, with an average depth of 0.8 m. Black
prickleback, Xiphister atropurpureus, were the most abundant fish recovered
from this tidepool, followed by rock pricklebacks, Xiphister mucosus; and
fluffY sculpin, Oligocottus snyderi (Table 120). All of these fish were killed
by the ichthyocide.
The second North Control fish collection was made by draining a tidepool
approximately 3.7 m wide and 3.7 m long, with a maximum depth of 0.4 m. This
pool was located about 25 m from the first pool about 0.6 m above MLLW. This
-
( ( ( ( (
TABLE 120. Number of Fish Captured and the Range of Lengths Measured by Species at
North Control and Diablo Cove Tidepools. DCPP, 1974-1976.
North Control Diablo Cove
February 1974 (Rotenone) January 1975 (Draining) December 1976 (Draining)
Standard Standard Total
Species Number Length (mrn) Number Length (mrn) Number Length (mm)
RANGE RANGE RANGE
Anoplarchus purpurescens 15 38-40 10 49-92 8 44-98
Artedius lateralis 4 58-115 7 43-92 1
chi lara taylori 0 0 1 81
Clinicottus analis 2 74-84 9 20-98 13 26-72 I
cottidae (unidentif ied) 2 11-12 1 29 0
U1
N
~
Gibbonsia spp.* 15 25-185 7 69-167 33 54-93 I
Girella nigricans 0 0 2 37-47
Gobiesox maeandricus 6 35-76 2 40-56 1 32
01igocottus rimensis 3 14-29 0 0
01igocottus snyderi 18 13-62 11 21-71** 12 39-69
Scorpaenichthys marmoratus 0 4 109-124** 0
Sebastes melanops 0 1 97* 0
Xererpes fucorum 11 63-101 6 67-90 0
Xiphister atropurpureus 61 34-178 4 134-184** 0 47-140
Xiphister mucosus 33 53-367 1 55** 0
TOTALS 170 63 77
* Group includes G. elegans, metzi, and montereyensis
** Total Length
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tidepool collection yielded 63 fish. The three most numerous species were
fluffy sculpins, high cockscombs, Anoplarchus purpurescens; and wooly sculpins,
Clinocottus analis, respectively (Table 120). The species composition of the
second collection was similar to that of the first tidepool; the exception was
the three 01igocottus rimensis collected at the rotenone station but not at the
drained tidepoo1.
In December 1976, we drained a tidepool in South Diablo Cove. The pool was
about 0.5 m above the mean lower-low water and measured approximate~ 5 m long
x 3 m wide, with a maximum depth of 0.8 m. Seventy-seven fish represented qy
nine species were collected from this pool. The most abundant fish were
ke1pfish, Gibbonsia spp., followed by wooly and fluffy scu1pins, respectively.
Five species collected at North Control tidepoo1s were not observed:
Sadd1eback scu1pins, Oligocottus rimensis; cabezon, Scorpaenichthys marmoratus;
black rockfish, Sebastes me1anops; rockweek gunnels, Xererpes fucorum; and rock
prick1ebacks, Xiphister mucosus. Two species were co1ected in South Diablo
Cove, but not at North Control tidepoo1s; spotted cusk-ee1s, Chilara taylori;
and two Juvenile opaleyes, Girella nigricans.
Discussion
The three shore ichthyocide stations sampled in 1970 and 1971 in South
Diablo Cove in a massive effort using a large amount of rotenone and numerous
collectors, yielded 2,431 fish composed of 49 species; of these 25 can be
considered intertidal fishes, while the rest are considered nearshore fishes
(Burge and Schultz 1973). The three most abundant intertidal fish in these
cOllections were rockweed gunnels (24.8~) black prick1ebacks (11.1~), and rock
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pricklebacks (15.3%); these three species made up 56% of the collected fish.
The Gibbonsia spp. complex was next in importance (8.7%). The shore
ichthyocide station sampled in Field's Cove in 1971 produced 897 fishes,
composed of 29 species, 20 of these are considered intertidal fish. Again,
rockweed gunnels and black pricklebacks made up the bulk of the collection
(72.6%). The Gibbonsia complex was also fourth in numerical importance here.
Most of the Diablo Cove intertidal is composed of boulders, with some
bedrock areas. All of these materials form tidepools of varying sizes during
low tides, which provide protection for the intertidal fishes. Unfortunately,
there are only a few pools that are self-contained so that they can be drained.
However, we feel that the tidepool collection can be used to represent the
species composition of intertidal fishes.
Based on the 1970-71 collections and our own studies, there can be little
doubt that the rockweed gunnels and black and rock pricklebacks are important
components of the intertidal fish communities of the Diablo Canyon area. The
Gibbonsia spp. complex, as well as Oligocottus snyderi, also must be considered
as important segments of this specialized fish group.
It is also quite evident that the use of an ichthyocide yields more fish
and more species than non-destructive sampling techniques such as draining
tidepools. The question of whether to use destructive sampling methods in
future fish studies in the Diablo Cove will have to be given very careful
evaluation based on our requirements of data after the power plant goes into
operation.
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Fish Catch-per-Unit-of-Effort Study
Catch-per-unit-of-effort (CPUE) studies were begun in July 1974 to attempt
to obtain quantitative data on some of the common fishes.
Methods
A. Field
The method consisted of fishing with rod and reel using standard terminal
tackle at random and permanent subtidal stations throughout the year, time and
weather conditions permitting. We used rockfish lures (''Wonder Jigs") with and
without strips of cut squid. Wonder Jigs are commercially produced lures with
four hooks, covered with yellow and red yarn, attached to 30-lb test leaders. ~
Fishing was conducted for 30 minutes at each station, with one or two rods. We
attempted to catch as many fish as possible during the time interval,
regardless of size or species. Records were kept of the station location,
depth, bottom and surface temperatures, secchi disc reading, and number, size
and sex (if identifiable) of each species caught. Most fishes were returned to
the water. We retained all gopher and black-and-yellow rockfishes, Sebastes
carnatus and ~. chrysomelas, respectively, for stomach contents analysis (see
Fish Stomach Content Study).
Results
A total of 170 CPUE stations were sampled between July 1974 and December
1976; 88 in Diablo Cove and 82 at random and permanent control stations in the
North Control, Field's Cove and South Cove (Table l2l). The control areas
( ( ( ( (
TABLE 121. Summary of Sportflsh Catch-Per-Unlt-of-Effort Data From Diablo Cove and Control Areas. DCPP,
1974-1976.
1974
Ju Iy-Dec.
1975
Jan.-June
1975
Ju Iy-Dec.
1976
Jan.-June
1976
Ju Iy-Dec. Total s
Total Stations 10
DIABLO COVE
10 7 20 34 81
Depth Range of Stations (m)
Total Effort (Pole Hours)
Total Catch (No. of Fish)
Mean* Number of Fish Per Hour
Standard Deviation
Number of Zero Stations
7.6-21.3
9.0
6
0.60
0.84
6
6.2-24.8
8.0
5
0.90
1.66
7
6.2-21.3
4.1
11
2.00
3.06
4
4.6-21.3
14.7
13
0.75
1.02
12
3.1-20.7
19.8
19
0.91
2.25
24
55.6
54
0.94
1.89
53
I
VI
IV
LT1
I
CONTROL AREAS
Total Stations
Depth Range of Station (m)
Total Effort (Pole Hours)
Total Catch (No. of Fish)
Mean* Number of Fish Per Hour
Standard Deviation
Number of Zero Stations
10
3.1-18.6
7.2
45
5.10
8.61
4
9
6.2-18.6
15.0
52
6.18
7.26
25
3.7-16.8
13.5
36
2.67
3.53
15
8
6.2-16.8
6.0
20
3.38
2.26
30
3.1-16.8
18.0
21
1.19
1.96
19
82
59.7
174
2.74
4.69
40
*A weighted mean calculated by averaging the calculated number of fish per pole hour from each station.
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yielded the highest catch-per-hour, almost three times as high as Diablo Cove
when all years' data were combined. Blue rockfish produced the highest mean
catch/hour rate in Diablo Cove and control areas (Tab1~122). Gopher rockfish
in Diablo Cove and black rockfish in control areas produced the second highest
mean catch/hour rate. The third highest catch rates were produced qy cabezon
in Diablo Cove and lingcod in the control areas.
Diablo Cove yielded nine species and the control areas yielded 12 species.
However, species other than the top three were relatively unimportant.
Discussion
As with other studies, our objective was to be able to compare catch rates
between years, between study areas, and between pre-operational and operational
phases of the plant. This study was terminated in December 1976 because we
felt that large variances, due primarily to a large number of zero stations,
would prevent detection of changes within acceptable limits of precision.
During one survey period, the standard deviation was more than twice the mean
(Table 121).
The CPUE study might have yielded more precise results if we had been able
to increase substantially the number of stations sampled. In addition, we feel
that the large number of stations where no fish were caught, particularly in
Diablo Cove was due in part to the large amount of kelp and the fact that
stations shallower than 7.6 m rarely produced any fish. Thus, in order to
decrease the large variance, it would probably be best to limit fishing to
areas on the edge of or away from the kelp, in depths greater than 7.6 m.
( ( ( ( (
TABLE 122. Number and Mean Catch-Per-Unlt-of Effort for Fish Caught by Hook and Line at Subtidal
Random and Permanent Station In Diablo Cove and the Control Areas. DCPP, 1974-1976.
Diablo Cove Control Areas
~ Catch/ x Catch/
Species 1974 1975 1976 Total Hour 1974 1975 1976 Total Hour
Striped surfperch 1 1 0.02 0
Kel p green I Ing 1 1 0.02 1 0.02
Ll ngcod 0 4 1 4 0.08
Senorita 0 1 1 0.02
Cabazon 6 6 0.11 2 2 0.03
I
U1
Kelp rockfish 0 1 1 0.02 tv
-...l
I
Gopher rockfish
.,.
1 2 8 11 0.20 2 3 16 21 0.35
Copper rockf Ish 0 1 1 0.02
Black-and-yellow rockfish 1 1 2 0.04 1 1 1 3 0.05
Black rockfish 6 6 12 0.22 3 3 0.05
Vermilion rockfish 0 1 1 0.02
Blue rockfish 1 8 7 19 0.34 40 75 19 134 2.24
Grass rockfish 1 1 0.02 0
Olive rockfish 1 1 0.02 1 1 2 0.03
Total Number of Stations 10 17 54 81 10 34 38 82
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We believe that the most important result of this CPUE study was the fact
that the catches were dominated b,y blue rockfish, thus bolstering our subtidal
observation that this species is the most abundant non-cryptic sport fish in the
Diablo Canyon area.
Fish Stomach Content Study
The analysis of stomach contents was conducted on three species of
intertidal fish collected in our tidepool studies: Gibbonsia metzi, Xiphister
atropurpureus, and X. mucosus; and three subtidal species collected b,y spear
and during catch-per-unit-of-effort study: Sebastes ch~somelas, ~.carnatus,
and S. rastrelliger.
Methods
A. Field
The fish were caught by the methods described in the Tidepool Fish Study
and the Fish Catch-per-unit-of-Effort StuQy sections.
B. Laboratory
Stomachs were removed from the fish in the laboratory and preserved in 70%
isopropyl alcohol. Food items were sorted and examined under a dissecting
microscope. Data recorded f~ each fish stomach included: total or standard
length of fish, sex, and stomach content identified to the lowest possible
taxon.
-
--
'-'
-
-
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Results
A total of 205 stomachs from the six species of fish were examined during
our pre-operational studies to determine the species composition of intertidal
and subtidal prey. The fish were selected specifically, because of a lack of
pUblished data on their food.
Gibbonsia metzi: Striped kelpfish were obtained from our tidepool
collections in the North Control and South Diablo Cove. A total of 41 stomachs
were examined, 11 from the North Control and 30 from Diablo Cove (Table 123).
Crustaceans as a group were observed in 96.7% of the stomachs. Hermit crabs
(Paguridae) and gammarid amphipods were the most frequently observed crustacean
taxa. The smaller striped kelpfish collected in South Cove, appeared to feed
more heavily on amphipods, while larger fish, collected in the North Control,
fed more often on crabs of the genus Cancer (Table 123).
Sebastes chrysomelas: We examined stomachs from only eight black-and-
yellow rockfish collected in Diablo Cove and Control Area. However, it appears
again crustaceans are a very important food source; they appeared in 75% of the
stomachs. Here, too, crabs were dominant; 15 of the 36 itel~ were identified
as crabs represented by the genera, Cancer, Hapalogaster, Lophopanopeus,
Pachycheles, Petrolisthes, and Pugettia (Table 124).
Sebastes carnatus: Gopher rockfish were collected Qy hook and line and
spear in Diablo Cove and Control areas. Crustaceans as a group were also very
important food items for gopher rockfish also (Table 124). Of the 44 items'
found in the 24 stomach, 18 were crabs. Identified genera included: Cancer,
Loxorhynchus, Mimulus, Pachycheles, and Pugettia.
TABLE 123. Stomach Contents of StrIped Kelpflsh, Glbbonsle metzl, Collected at Tldepools
In North Control and South Dleblo Cove. DCPP. 1974-1976.
North Control South DIablo Cove CombIned
No. of Percent Freq. No. of Percent Freq. No. of Percent Freq.
Food Item Items of Occurrence Items of Occurrence Items of Occurrence
CRUSTACEA* 46 100.0 100 96.7 146 97.6
-
-- --
-- --
--
Cancer antennarlus 1 9.1 0 1 2.4
c;;m;;; jordan I 1 9.1 0 1 2.4
Cancer sp. 3 27.3 0 3 7.3
Carldae 3 18.2 7 13.3 10 14.6
Decapoda 2 9.1 0 2 2.4
Gamarld amphlphod 4 18.2 33 50.0 37 41.5
Graspsld crabs 0 5 10.0 5 7.3
Hemigrapsus sp. 1 9.1 3 10.0 4 9.8
Idotea sp. 0 1 3.3 1 2.4 I
Isopoda 2 9.1 10 33.3 12 24.4
U1
w
Megalops 0 1 3.3 1 2.4
0
Pachygrapsus sp. 0 1 3.3 1 2.4
I
Pagurldae 25 54.5 15 36.7 40 41.5
Pugettla gracIlIs 0 4 10.0 4 7.3
Pugettla producta 3 27.3 0 3 7.3
Pugettla sp. 1 9.1 0 1 2.4
UnIdentIfIed crustaceans 0 20 76.7 20 56.1
MOLLUSCA 6 45.4 23 30.0 39 34.1
-- --
-- --
-- --
Barleela sp. 0 12 10.0 12 7.3
Crepidula adunca 1 9.1 0 1 2.4
Crepldula sp. 0 18.2 2 6.7 2 4.9
GASTROPODA 3 27.3 6 20.0 9 14.6
-- --
Granu II na sp. 1 9.1 0 1 2.4
Pelecypods 0 3 10.0 3 7.3
Tegula sp. 1 9.1 0 1 2.4
( ( ( ( (
( (
TABLE 123. (Cont1d)
North Control
(
South Diablo Cove
(
Combined
(
Food Item
No. of
Items
Percent Freq.
of Occurrence
No. of Percent Freq.
Items of Occurrence
No. of Percent Freq.
Items of Occurrence
MISCELLANEOUS* 9
Bryozoa 0
Po I ychaeta 7
Pycnogonlda 1
Strongylocentrotus sp. 0
Turrltopsls sp. (Hydrozoa) 1
Tota I Stomachs Exam Ined 11
Total Empty 0
36.4 15 40.0 24 39.0
- - -
2 6.7 2 4.9
63.6 9 30.0 16 39.0
9.1 0 1 2.4
4 13.3 4 9.8
9.1 0 1 2.4
30 41
Size Range of Fish
(Total Length) 124-210 mm 59-94 mm
I
111
W
I-'
I
* Includes all material Identified to species or some higher taxonomic group In the Class Crustacea,
Phylum Mollusca, or miscellaneous group.
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TABLE 124. Stomach Contents-of Black and Yel low Rockfish, Sebastes, chrysomelas,
and Gopher Rockfish, S. carnatus. Collected In Diablo Cove and the
Control Area. DCPP.
Sebastes chrysomelas Sebastes carnatus
Food Item
CRUSTACEA*
Amph ipoda
Balanus sp.
Brachyura
Cancer antennarlus
Cancer Jordanl
Cancer productus
Cancer sp.
Carldae
Crangon sp.
Crustacea
Hapalogaster cavlcauda
HI ppolyt Idae
Lophopanopeus heath I I
Loxorhynchus crlspatus
Mlmulus follatus
Pandalus sp.
Pachycheles sp.
Petrollsthes clnctlpes
Pugettla gracilis
Pugettla producta
MISCELLANEOUS*
Nematoda
Octopus sp.
Ophlothrlx splculata
Polychaeta
Salpa sp.
Unidentified fish
Unidentified algae
Tota I Stomachs Examl ned
Total Empty
No. of
Items
24
1
3
1
1
1
3
1
o
o
3
1
o
1
2
o
o
2
1
2
1
12
5
1
o
3
o
2
1
8
Percent Freq.
of Occurrence
75.0
12.5
12.5
12.5
12.5
12.5
25.0
12.5
25.0
12.5
12.5
25.0
12.5
12.5
12.5
12.5
50.0
12.5
12.5
12.5
25.0
12.5
No. of
Items
31
o
o
3
o
4
o
1
3
1
7
o
1
o
4
4
1
1
o
1
o
13
1
o
4
2
1
3
2
24
4
Percent Freq.
of Occurrence
75.0
12.5
12.5
4.2
12.5
4.2
25.0
4.2
41.7
12.5
8.3
Size Range of Fish
(Total Length)
*Sum of Group
271-330 mm 229-325 mm
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Sebastes rastrelliger: Grass rockfish are one of the largest predators
residing in the shallow (less than 10 m) waters of the Diablo Canyon area.
Because of its important in the region adjacent to the intertidal zone, the
grass rockfish could produce valuable data on relative abundance of some of the
invertebrates and fishes that serve as prey. Unfortunately, grass rockfish are
not an abundant fish, at least in the areas we have surveyed; thus, we have
attempted to collect these fish from areas adjacent to Diablo Cove, North and
South of Diablo Cove, Morro Bay, and the San Simeon area rather than deplete
the population within the Cove.
The eleven stomachs examined from the Diablo Canyon area contained a
variety of Crustaceans and few fish (Table 125). In 34 stomachs from grass
rockfish collected in Morro Bay and 17 from fish collected in the San Simeon/-
Piedras Blancas area, fish were more important; in fact, fish were the most
frequently observed food items in the stomachs from the San Simeon area (Table
125). When all the stomach contents are combined, crustaceans as a group
appeared in 51.6% of the stomachs, and fish appeared in 40.3% of the stomachs.
The analysis of stomachs from different sizes of grass rockfish from the
various areas suggest that the smaller grass rockfish feed more on crustaceans,
while larger fish prey more on fish (Table 125).
Xiphister atropurpureus
A total of 38 black prickleback stomachs were examined, but only four
contained food (Table 126). Gammarid amphipods were the most frequently
observed organism, while unidentified foliose red algae (Rhodophyta) was
second.
TABLE 125. Stomach Contents of Grass Rockfish, Sebastes rastreiliger, Collected at Diablo
Cove, Morro Bay, and San Simeon. DCPP, 1974-1977.
Food Item
Diablo Canyon +
No. of Percent Freq.
Items of Occurrence
Morro Bay**
No. of Percent Freq.
Items of Occurrence
San Simeon/Piedras
No. of Percent Freq.
Items of Occurrence
Blancas
No. of
Items
Combined
Percent Freq.
of Occurrence
CRUSTACEA* 20 45.4 63 58.8 8 41.2 91 51.6
-- - -
Brachyura 5 36.4 1 2.9 4 23.5 9 12.9
Cancer antennarlus 0 5 11.8 2 11.8 7 9.7
Cancer gracilis 0 4 8.8 0 4 4.8
Cancer productus 0 2 5.9 0 2 3.2
Cancer sp. 0 11 23.5 0 11 12.9
---Caprell ids 0 10 17.6 0 10 9.7
Crangon franclscorum 5 9.1 1 2.9 1 5.9 7 4.8 I
Carldea 1 9.1 7 20.6 0 8 12.9 V1w
Gammar 1d alllPh Iphod 0 11 17.6 0 11 9.7 ~
Idotea 0 2 5.9 0 2 3.2 I
lsopoda 7 18.2 1 2.9 1 5.9 9 6.4
Pagurus sp. 1 9.1 0 0 1 1.6
Pugettla rlchll 1 9.1 0 0 I 1.6
Upogebla pugettensls 0 1 2.9 0 1 1.6
MISCELLANEOUS* 5 36.4 16 35.3 17 58.8 38 41.9
- -- - -- - -- - -
Porlchthys notatus 0 0 4 11.8 4 3.2
Unidentified algae 1 9.1 2 5.9 3 17.6 6 9.7
Unidentified fish 4 36.4 14 35.3 10 52.9 28 40.3
Total Stomachs Examined 7 34 17 58
Total Empty 2 8 4 14
Size Range of Fish 87-514 mm 54-255 mm 319-516 mm
<Total length)
* Sum of Group
+ Four Stomachs from November ichthyoclde station
** Collection made, by David W. Behrens, PG&E
( ( ( ( (
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TABLE 126. Stomach Contents of Two Stlchaeld Fishes Collected From North
Control Tidepools. DCPP, 1974-1975.
Xlphlster atropurpureus
Food Item %Freq. of Occurrence
CRUSTACEA* 7.9
Carldae 2.6
Gammarld amphlpod 7.9
Heptacarpus plctus 0.0
RHODOPHYTA * 5.3
Endocladla murlcata 0.0
Glgartlna canallculata 0.0
Glgartlna papl I lata/agardhl I 0.0
Iridaea cordata v. splendens 0.0
Iridaea heterocarpa 0.0
Iridaea sp. 0.0
Laurencla sp. 0.0
Laurencla splendens 0.0
Mlcrocladla coulterl 0.0
Plocamlum paclflcum 0.0
Prlonltls lanceolata 0.0
Unidentified Rhodophyta 5.3
MISCELLANEOUS* 5.3
Phyllospadlx sp. 0.0
Polychaeta 2.6
Lacuna sp. 2.6
Unidentified mollusc 0.0
Total Stomachs Examined 38
Total Empty 34
Size Range of Fish 86-184 mm
(Total Length)
*Sum of Group
Xlphlster mucoSUS
%Freq. of Occurrence
9.4
0.0
~1
9.4
87.5
~1
15.6
6.2
37.5
6.2
25.0
~1
~1
18.8
3.1
6.2
25.0
12.5
6.2
0.0
0.0
32
5
115-383 mm
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Xiphister mucosus
Approximately 88% of the 32 rock prickleback stomachs that we examined
contained foliose red algae (Table 126), while only 9.4% contained crustaceans.
The algal genus of Iridaea appeared in the most number of stomachs.
Discussion
Probably the most important result of our examinations of the fish stomach
contents is the fact that crustaceans were the most frequently observed food
group in five of the six species of fish that we studies. Two genera, Cancer
and Pugettia, appeared in all of the fish diets except the pricklebacks' which
are too small to eat these larger crustaceans. Also, of interest was the
similarity of stomach contents of the grass rockfish collected from two
different areas i.e., crustaceans, particularly crabs, and fish were the
dominant groups. These results were also similar to those observed in eleven
grass rockfish stomachs from the Point Area area (Gotshall et ale 1974).
Although the small numbers of stomachs examined preclude drawing
conclusions, it appears that we might be able to use stomach content analysis
to detect extreme changes of some common prey species in Diablo Cove or the
control areas. For example, striped kelpfish fed frequently on Cancer crabs
and kelp crabs, Pugettia. If, for some reason, populations of one or both of
these generic groups should decrease drastically or even disappear, this could
Qy partially confirmed by examining stomach contents, assuming, of course, that
the population of striped kelpfish was not adversely affected at the same time.
The use of the predators to detect relative ab'lndance of a particular prey
species has been successful in predicting ocean shrimp, Pandalus jordani,
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abundance in northern California by examining Pacific hake stomachs,
Merluccius productus (Gotshall 1959).
From our limited data on the two pricklebacks, it appears that the rock
prickleback feeds primari~ on foliose red algae while the black pricklebacks
feed more on small crustaceans. This is supported OJ Barton's (1973) study of
x. mucosus and X. atropurpureus at Piedras Blancos, San Simeon California.
Thus both species can co-exist in the same habitat in relatively large numbers
because of their diverse feeding strategies. Barton's (1973) studies support
this hypothesis. He found only one out of 25 stomachs of rock pricklebacks
that contained animals matter, while on~ six of the 25 black prickleback
stomachs contained algae.
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SEA aPrER STUDY
Methods
Sea otter (Enhydra lutris) between Point Buchon and Pecho Rock were counted
weekly from July 1973 to the present. The first Fish and Game project observer
was Suzanne Benech, who continued this function when she became an employer of
PG&E and then Ecomar, a consulting company. The area was covered by walking
and driving along the coast from Point Buchon to Pecho Rock. A 30-60x spotting
scope was used to make counts and observe behs.vior.
In late 1976, project personnel resumed otter counts within the study area.
These counts, made as often as possible, were an attempt to establish
day-to-day usage of the areas by otters. Observations were made from vantage
points above Lion Rock, North Cove, Diablo Cove, Intake Cove, and South Cove
areas. Field binoculars and a 30-60x spotting scope were used. If otters were
observed feeding, an attempt was made to identifY the food item.
Results
Results of studies by Department of Fish and Game personnel and by a
consultant to PG&E, Suzanne V. Benech (1979 pers. commun.), show both the
seasonal movement of sea otters and their generally southern migration through
the Diablo Canyon area ro~ring the period from 1973 through 1978 (Tables 127 and
128). In presenting Ms. Benech's data, the number of otters she observed
during a given month was divided by the number of observations days that month
to derive mean daily numbers of otters for each area. This allowed the
presentation of her data in a format consistent with that developed by
-
-
.-
--
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Department personnel in compiling dai~ count data from our smaller observation
area restricted to our study area locales.
Observations by DF&G Diablo Canyon personnel during 1977 and 1978 indicate
a gradual increase in numbers of sea otters during the spring and early summer
followed by a decrease in fall and winter (Table 127). This trend is also
reflected in Benech' s data (Table 128). Of significant interest has been the
movement of the main group of otters into, and subsequentl,y through, the study
areas. In May and June 1974, the main raft of sea otters moved into Diablo
Cove. This raft numbered between 30 and 40 animals (Gotshall et ale 1976). By
May of 1975, the main southern raft was located near Pecho Rock and has
remained south of our study area during the springs and summers since then.
Our recent observations indicate a reduced but consistent presence in the study
areas' herd and/or a small female raft that has been located inshore of Lion
Rock each spring since 1977.
Since the main raft moved south of Diablo Cove in 1975, most otters
observed within our study areas have been in the vicinity of Lion Rock (the
small female raft) and off the south breakwater of Intake Cove. After this
time, relativel,y few otters have been observed in Diablo Cove. Still,
i.ndications of sea otters foraging in Diablo Cove and North Control, such as
abalone and other shells and sea urchin tests freshl,y broken in a
characteristic manner, have been observed on numerous of our survey dives
through the study period. This foraging has probab~ been done by otters
moving up and down the coast between rafting areas.
TABLE 127. Summary of Suzanne Banach's Sea Otter Observations In the Vicinity of Diablo Canyon Power Plant Site. DCPP, 1974-197~
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Discussion
The movement of sea otters into the vicinity of Diablo Canyon power plant
had profound effects upon the populations of larger invertebrates. The
preferential feeding on larger invertebrates (specifically abalone, sea urchin,
and rock crab) by otters in newly colonized areas discussed was by Wild and
Ames (1974). They hypothesized that 100 sea otters could consume from 230,000
kg to 460,000 kg of abalone in a year's time. Since the main raft of sea
otters that inhabited Diablo Cove in 1974 numbered approximately 40 animals and
their presence there was not for a full year, we cannot presume the levels
mentioned above.
Observations by Benech from October 1973 to December 1974 indicate that the
diet of sea otters in the vicinity of Diablo Canyon was comprised of 40%
abalone and 33% red sea urchins (Benech 1978). Using these figures, and a
conservative estimate of 18 kg as the average weight of the 40 otters in the
Cove, we can estimate that approximately 60 kg of abalone and 50 kg of red sea
urchin soft tissues were consumed daily since each otter requires about 20% of
its body weight in food each day. Using approximations of 1. 0 kg per adult
abalone and 0.3 kg per adult red sea urchin (Ebert 1968), we can estimate that
these 40 otters consumed 50 to 70 abalone and about 150 red sea urchins a day.
These are rough estimates; the relative abundance and size of the various food
items available to foraging otters preclude more accurate estimates at this
time. It is obvious, however, that decreases occurred in population levels of
both abalone and giant red sea urchin (Tables 129, 130, 131, and 132).
The decrease in giant red sea urchin numbers that occurred between 1974 and
1975 in both Diablo Cove and North Control areas continued, to a reduced
-
( ( ( (
TABLE 129. Summary of Commercial Abalone Dive Interviews from Port San Luis and Morro Bay,
October 1973 through July 1975. OCPP, 1973-1975.
Number of Number of Number of Abalone Average Size
Date Boats Samp led Diving !-burs Red Abalone Per Hour Weight (kg) Range (mm)
October 11* 61.0 590 9.7 1.8 196 - 228
November 1973 2 11.0 95 8.6 1.7 195 - 225
December 1973 1 5.5 193 35.1
---
195 - 227
September 1974 8 58.0 443 7.6 1.7
October 1974 3 13.5 157 11.63 1.8 199 - 217
I
(Jl
November 1974 9 63.5 685 10.9 1.6 "'"(Jl
I
January 1975 2 12.0 118 9.8 1.7
April 1975 2 16.5 113 6.8 1.5 196 - 211
May 1975 1 7.0 33 4.7 1.7 191 - 216
June 1975 1 8.5 48 5.6
Ju 11' 1975 1 6.0 48 8.0 1.4 184 - 216
Totals 41 262.5 2523 9.61 1.7 184 - 228
* Three other boats brought In a total of elghty-elght abalone, however, diving hours were not available so
these boats and the abalone catch are not Included In this table.
--Not we Ighed
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TABLE 130. Annual Commercial Landings of Red Abalone (Hallotls rufescens) from
Morro Bay to Port San Luis (Department of Fish and Game Blocks 615
and 614) from 1964 through 1977. DCPP, 1964-1977.
year (kg)
1964 331,550
1965 274,925
1966 176,863
1967 134,632
1968 165,908
1969 129,009
1970 86,411
1971 123,499
1972 117,249
1973 46,932
1974 61,120
1975 37,415
1976 15,146
1977 2,625
-
I
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TABLE 131. Summary of Commercial Sea Urchin Diver Interviews, Point Buchon to
Point San Luis, July 1913 through October 1914. OCPP, 1913-1914.
Number of
Boats Samp led
Number of
Diving Hours
Weight of
Sea Urch Ins
Landed (kg)
kg of
Urch Ins
Per Hour
Mean
Weight (kg)
Ju Iy 1913 2 1,159 0.56
February 1914 2 2,231
April 1914 13 51.0 10,328 202.5 0.64
June 1914 15 54.5 14,349 263.3
Ju Iy 1914 16 48.5 18,396 379.3 0.59
August 1914 3.0 1,191 399.0 0.51
- September 1914 11 31.0 10,460 331.4 0.60
October 1914 4 11.0 2,371 216.1 0.66
Totals 64 199.0 61,103 287.0 0.60
--
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TABLE 132. Annual Commercial L.ndlngs (Kg) of Giant Red Sea Urchins,
Strongylocentrotus fr.nclscanus, from the Area Between Morro Bay and
Shell Beach. 00Pt', 1972-1975.
YEAR
1972
1973
'974
1975
Red Urc:lt'ltS (I bs )
69,"1
100,725
kg
31,689
120,188
200,411
45,688
-
--
-
-
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degree, throughout the years of our study. The effects of sea otters are not
as apparent in intertidal abalone densities. Generally, at parallel intertidal
stations, mean densities of both red abalone and black abalones dropped
substantially between 1974 and 1975 and, in some areas, showed a slight
increase during 1976 and 1977 (Figures 63 and 64).
The fluctuation in abalone density data is compatible with the sea otters'
pattern of usage within the study areas. The main body of otters in the
southern migrant front moved into Diablo Cove in early summer of 1974, foraged
there during spring, and gradually retreated as summer progressed. In 1975,
the main raft was located south of Diablo Cove in the vicinity of Pecho Rock
with reduced numbers of otters observed foraging the Cove. The apparent
subsequent increase in abalone densities recorded during 1976 and 1977 may be
the result of the decrease in foraging pressure. Abalone are only vulnerable
to sea otter predation when they are exposed. Those buried deep in crevices
are relatively protected from sea otter foraging methods. It is possible that
the abalone we tabulated during 1976 and 1977, leading to an apparent increase
in density, are those individuals that were able, due to a smaller size, to
escape otter foraging. Subsequent growth could have forced them out to a more
vulnerable, and more easily counted, position.
Our observations indicate that giant red sea urchin are generally more
~llnerable to sea otter predation than abalone. Sea urchins can be pulled out
of cracks by sea otters without the use of tools that abalone predation usually
requires. The giant red sea urchin densities show no signs of reversing the
downward population trends begun when the otters first arrived.
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Our observations indicate that sea otter predation was perhaps the most
significant factor in the changing community structures in the Diablo Cove and
North Control subtidal areas. Abalone and sea urchin are primary predators on
large brown algae. One secondary effect of sea otter foraging in the study
areas has been a significant increase in the two dominant species of brown
algae (Table 128 and 131) due primarily to the decrease in abalones and giant
red sea urchins, the once dominant herbivores of this subtidal area.
In view of the migratory habits of sea otters, it is highly probable that
they will continue to move into and through the Diablo Canyon area. The
continuing expansion of the sea otter's range along its southern front and the
gradual establishment of resident populations along this section of the coast
indicate that the effects of their predation will continue. A.ny subsequent
change in the subtidal and intertidal communities must be considered in view of
this.
Commercial Giant Red Sea Urchin Fishery Survey
The objective of this study was to establish a baseline of information on
the local commercial fishery for giant red sea urchins, Strongylocentrotus
franciscanus. The data was to be used to assess the impact, if any, upon the
fishery by the operating power plant.
Methods
Commercial sea urchin divers were interviewed at the dock whenever
possible. Most interviews were conducted at Port San Luis in Avila Beacb.
-
-
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Data recorded included total pounds landed, number of diving hours, and
location and depth of catch. When time permitted, we also weighed a sample of
50 urchins in order to determine the average weight (Table 131). Total
landings for the area between Morro Bay and Shell Reach were obtained from the
Department's biostatistical section in Long Beach (L. Pinkas, DFG, pers.
commun.) (Table 132).
Results
We conducted interviews with divers from 64 boats from July 1973 through
October 1974 (Table 131). These divers averaged 287 kg of giant red sea
urchins per hour (478 urchins) during this period. The catch varied from 202.5
kg to 399.0 kg per hour (39 to 700 urchins).
This fishery began in this area in 1972 and the last landing were made in
1975 (Table 132). The largest landings were made in 1974.
Discussion
The fishery for giant red sea urchins, Strongylocentrotus franciscanus,
began relatively recently with the recognition of a demand by foreign markets
for sea urchin roe. The fishery originated in southern California but spread
to central California when commercial abalone divers, faced with dwindling red
abalone populations, attempted to make livings by harvesting sea urchins.
Although limited in geographic extent, the area between Point San Luis and
Diablo Canyon was prime for a sea urchin fishery; the red sea urchin was the
dominant benthic macro-invertebrate, often approaching average mean density of
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10-m2 (Figure 102). Beginning tentatively in 1972, the fishery was,
however, short-lived.
The termination of the sea urchin fishery in 1975 was due to two factors;
the southerly movement of foraging sea otters into the prime sea urchin beds
around Pecho Rock and conflicts between the urchin processors and the divers.
All of the local catch of sea urchins were processed in Santa Barbara. This
resulted in price disputes between the divers and processors.
Commercial Red Abalone Fishery Survey
The objective of this study was to establish a baseline of data on the
local commercial red abalone, Haliotis rufescens, fishery. The baseline was to
be used to later assess any influence of the operating power plant on the
fishery.
Methods
Commercial abalone divers were interviewed at the dock whenever possible;
most interviews were conducted in Morro Bay. Data recorded included numbers
and total pounds landed, number of diving hours, location and depth of catch,
and when time permitted, the abalone were weighed and measured to determine
average weight and shell length. Total landings for the area between Morro Bay
and Shell Beach were obtained from the Department's biostatistical section in
Long Beach (L. Pinkas, DFG, pers. commun.).
--
-
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Results
From October 1975 through July 1975, we interviewed commercial abalone
divers from a total of 41 boats. The average number of red abalone collected
by these diver per hour was 9.6 (Table 129). Commercial landings for the area
between ~~orro Bay and Avila ranged from a high of 331,550 kg (730,947 Ibs.) in
1964 to a low of 2,625 kg (5,787 lbs) in 1977 (Table 130). The landings
declined sharply after the arrival of the otter in the Point Buchon area in
1973. Most of the commercial diving effort was conducted south of Diablo Cove
in the Pecho Rock area between 1973 and 1977; however, we did observe an
occasional abalone diving boat in Diablo Cove in 1973 and 1974.
We have not observed commercial abalone divers in the area between Point
Buchon and Avila Beach since 1977.
Discussion
There is little doubt that the movement of foraging sea otters into the sea
south of Point Buchon in 1973 and the further m::>vement of these animals south
to Avila in 1974, 1975, 1977, and 1978 was the cause of the decline and
eventual elimination of the commerical abalone fishery.
Historically, Morro Bay served as the locus for the central California
abalone industry with the primary abalone beds located between Cape San Martin
and Point Estero. These beds had been harvested continuously since 1929 on an
approximate sustained yield basis and produced an average of well over one
million pounds per year until 1968. (Cox 1962, L. Pinkas, DFG, Biostatistical
Section, Long Beach, pers. commun.). Beginning in 1968, abalone landings at
Morro Bay began
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a severe decline that was associated with the expansion, in the mid-60's, of
the sea otter into these long productive abalone beds. With the abandonment of
abalone areas north of Morro Bay, commercial divers began to turn their
attention to the Point Buchon-Point San Luis area to the south. This area was
previously considered inferior, in terms of abalone production, but served as a
damper in what proved to be the terminal years of the central California
abalone industry.
Bull Kelp Survey
The shoreline census of bull kelp, Nereocystis luetkeana, was started by
Burge and Schultz (1973) to document numbers and locations of this upper
canopy-forming kelp in Diablo Cove. This kelp, an annual plant, has been noted
in other areas to fluctuate in abundance annually. The objective of this study
was to continue the documentation of the distribution and abundance of this
kelp in Diablo Cove.
Methods
This census of bull kelp has been performed on the Diablo Cove population
annually since 1970. No cenSllses were conducted during two of the years, in
1972, when no Diablo Canyon project existed, and 1975, when the surface canopy
was so dense as to prohibit a shore census. This census takes place in early
October at the tima of greatest kelp canop,y and just prior to the onset of
winter storms. Two biologists stationed on the bluff overlooking the cove,
working independently with binoculars and/or a spotting scope, count the plants
--
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in the surface canopy. The biologists mark the locations of major aggregations
("beds") of kelp on a chart of Diablo Cove. Although not a precise method, due
to difficulty in counting individual plants at a distance, it provides us with
an annual corallary estimate of bull kelp numbers to compare with estimates
from the subtidal surveys.
The subtidal survey method for bull kelp is described in the Subtidal
Studies "Brown Algae section. The mean number of bull kelp per 30-m2 arc
station was used to estimate the total population of this alga for the total 36
acres of Diablo Cove. The shore census number in 1975 is estimated from the
subtidal survey.
Results
The annual censuses (Table 133) show an increasing population to bull kelp
from 1970 to 1974. Although no shoreline census was performed in 1975, the
subtidal survey data reflected an increasing number of Nereocystis through 1975
(Figure 206) corresponding to our visual impressions that the bed was at its
greatest recorded density. After 1975, the numbers of Nereocystis declined
during the succeeding censuses.
Discussion
The shoreline census in Diablo Cove does not provide an accurate estimate
of total population of bull kelp, it does, however, provide a relative
estimate. The reason for this is that many plants, probably the majority, do
not reach the surface. Also, when plants are densely clumped, overlaying
occurs which obscures from view many plants. The comparison between the
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TABLE 133. Numbers of Bull Kelp, Nereocystls luetkeana, In Diablo Cove from Shore
Census and Subtidal Surveys. DCPP, 1970-1978.*
Year
1970
1971
1973
1974
1975
1976
1977
1978
Numbers of Nereocystls In
Surface Canopy (Shore Census)
4,686
5,445
10,263
18,663
No Census (estimate 46,000)
11,323
10,563
5,295
Estimated Total Population
of Bull Kelp from
Substldal Surveys
No Subtidal Survey
No Subtidal Survey
No Subtidal Survey
166,000
421,000
103,000
31,000
No Subtidal Survey
-
* Neither census nor survey were performed In 1972.
-
--
-
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shoreline census and subtidal surveys is made by expanding the mean number of
plants derived from annual subtidal surveys to a population estimate for the
36-acre Cove. This estimate is rough at best since an even distribution of
plants within the Cove must be assumed for all years.
This comparison (Figure 206) shows that in 1974 and 1976, when both methods
were performed, an estimated eleven times more plants were accounted for in the
subtidal surveys than in the shore census. This 11:1 ratio was used to
generate the shoreline census estimate for 1975 since counting was not
possible. In 1977, the ratio of total estimated plants to surface canopy
plants fell to about 3:5:1, perhaps due to the "patchier" nature of plant
distribution during that year.
In addition to providing a relative estimate of bull kelp within Diablo
Cove, the annual censuses also provide charts showing the distribution of this
alga in the study area (Figure 207-213). Two features of the Nereocystis
population in Diablo Cove can be seen by examining these distributions. The
first feature is that the population is largely peripheral in nature. During
most of the census years, there were many fewer plants in the center of the
Cove (Figures 207, 209 and 213). This may be related to a depth-dependent
success of the maturing sporophytes. However, the central portion of the Cove
was densely populated during the successful years in 1974 through 1976 when the
bull kelp appeared to be more evenly distributed than in preceding and
succeeding years. This smoother distribution limited our ability to determine
individual "beds" and necessitated the counts to be made in wedges or blocks
during 1974 and 1976 (Figures 210 and 211). The second feature of bull kelp
distribution is that the majority of the population, from year to year, occurs
in the northern portion of Diablo Cove. This is most probably due to better
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(i.e., more solid) substrate in the northern part of the Cove and conversely, a
greater amount of sand bottom in the southern part. However, underwater
clarity and water movement are also generally greater in northern Diablo Cove
and these conditions may favorably affect Nereocystis success as well.
In 1977 about 22% of the counted kelp occurred in shallow water just
seaward of the discharge structure (Figure 212). In the winter and spring of
1977, the Unit I discharge pumps were tested on a nearly continuous schedule,
and this probably resulted in scouring of the shallow (0 to 3.0 m) subtidal
fronting the discharge structure. When pump testing was halted in May 1977,
this newly available habitat was densely colonized by late-in-the-year
Nereocystis sporelings.
Also, in 1977, Macrocystis pyrifera, giant kelp, appeared in Diablo Cove
for the first time since this study began. One plant was observed in the lee
of Diablo Rock (Figure 212). In 1978 four plants were evident on the surface
in the same area (Figure 213). The reasons for the appearance of Macrocystis
in Diablo Cove are unclear.
Foam Study
When we observed the testing of the sea water cooling system in 1974-75, we
noted large amounts of foam, (or froth) were produced in Diablo Cove,
apparently by the turbulence of discharged water. The extent and thickness of
the foam during some of those tests caused a concern, if the foam proved to be
chronic, that the benthic plant community could be affected by light
attenuation. In order to monitor foam conditions, we began making frequent
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observations of Diablo Cove during periods of pump testing and also when the
pumps were off.
Methods
During each observation period, conducted from the Diablo Cove bluff near
the meteorological tower, we made estimates of the cover and thickness of the
foam; wind speed and direction; and swell direction and energy. Time, tidal
stage and whether pumps were operating were also noted. Documentary
photographs usually accompany the observations. Observations were usually made
during mid-day.
Results
Observations made during 1976 allowed us to make generalization about
factors influencing foam generation in Diablo Cove, the amount of foam varied,
depending on pump operation and sea and wind conditions. With cooling pumps
on, we observed foam 95% of the time. When pumps were off, foam was present
75% of the time.
During pump operation the greatest amounts of foam appeared correlated with
calm to moderate sea, low wind, and flood or slack tides. Foam did not appear
to accumulate as readily under harsher weather conditions. At times, the foam
came on shore; with moderate wind blowing (5 to 15 knots), billows of foam have
piled up in the southern portion of the Diablo Cove intertidal. The foam
covered several hundred square meters of intertidal area apparently ,for several
hours at a time, and was up to 0.2 m thick. Significant percentages of
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the Diablo Cove surface water, several thousand square meters, were often
covered by a slowly moving foam mat during pump operations.
When pumps were off, the observed foam was never thick and rare~ as
extensive as we observed during the pump testing period. Here again, we
observed more foam at flood and slack tides and during periods of low wind
speeds. Heavy seas produced greater amounts of foam, especially in the area of
offshore rocks and headlands that high winds seemed to inhibit accumulation.
Discussion
In 1977, PG&E installed an automated, timed camera on the meteorological
tower on the south bluff above Diablo Cove to record the presence of foam.
Since the method was superior to our observations and photos were taken
quarter-hourly, Fish and Game observations were halted. Approximately 28
months of data were collected with this camera and the resultant photos have
been analyzed by PG&E (Wyman 1979). Their study will provide a baseline
against which to compare natural versus discharged-created foam.
-
--
-
-
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CONCLUSIONS AND RECOMMENDATIONS
Intertidal Studies
When we designed this study, our goal was to be able to detect biological
change brought about by the discharge of heated seawater from the cooling
system of the power plant. At that time, min-1973, operation of the plant was
expected to begin about 1976 or 1977. Because we were concerned about the
future health of the Diablo Cove ecosystem, rather than just isolated sport or
commercially important species in it, our study was designed to include as many
species as possible. With the limitations inherent in a finite funding base,
we designed a randomized study meant to cover as many species and as much of
the Cove and Control area as we thought practicable. Permanent stations, as
primary sources of information, were rejected for several reasons.
Ideally, the ability to detect change would be enhanced if the selected
study areas were directly comparable in species composition and abundance.
However, analysis of our intertidal data has shown that, on a species-by-
species basis, between-area variability is quite high. Nearly all species when
tested individually showed significant differences in abundance between study
areas. This indicates that species exist at different levels of abundance in
the various study areas. ~s a result, the study areas in most cases cannot be
compared directly to each other, except for year-to-year trends in abundance.
Instead, within-area variability, in many instances, is acceptably low
enough so that each area will be able to serve as its own "control" in a pre-
and post- start-up comparison. For example, in terms of general algal
standing-crop, each stuQy area seems to support a characteristic level of
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winter and summer biomass that is statistically definable. Articulated
coralline and Phyllospadix cover estimates also seem to be fair~ constant
within the study areas where they occur. There are also several invertebrates
species within each study area whose numbers remained statistical~ stable
during the pre-operational period. All of these together should enable us to
statistical~ prove the case for biological change, should it occur.
One reason that more species do not fall within the category of
"predictable stability" in our sample design is related to their spatial
distributions. Contagion is the rule in distribution of marine organisms,
(Elliott 1971, Sokal and Rolf 1969), with the great majority of species adapted
to specific sets of physical and biological variables and limited to rather
"narrow" habitat. The amount of statistical variability due to spatial
considerations possibly could have been reduced Qy changing our sample design.
One change would be to significant~ increase the number of samples taken, and
another would be to further limit the sorts of habitat and substrate sampled.
Neither option was pursued for two difference reasons. To significantly
increase sample size would have required manpower far in excess of our
budgetary ability. To limit substrate and habitat would have called for a
change in the assumption of the study plan, effectively negating comparability
of data collected previous to the decision to change.
Consequently, for many of the less common species anything less than
outright disappearances may be difficult to document qy standard ANOVA
techniques utilized to date. However, we hope in the future, to improve our
ability of detecting more subtle changes Qy using community analyses. At the
least, these methods should provide another approach, based on a different view
of the data, to aid us in making comparative interpretations.
-
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Subtidal Studies
In the Introduction, we listed the various man-made and natural impacts
that have been observed in the Diablo Canyon area since the Department of Fish
and Game began their studies in 1970. Most of the significant changes that we
have documented in the plant and animal communities in Diablo Cove and the
Control areas are directly or indirectly related to those impacts. Thus, we
feel that the most efficient way of listing the conclusions from our studies is
to relate them to the various impacts in a chronological order.
A. Intake Cove - jetty and cofferdam construction and silting of intake cove.
1. The construction of the jetties enclosing Intake Cove resulted initially
in the formation of a protected inner-coast environment subject to
increased deposition of silt and debris because of the lack of current
and wave action.
2. This new environment probably would have supported similar type
populations of plant and animals, present before the jetties were
constructed, including abalone and urchins. However, there is reason
to believe that the quiet waters would have fostered the development
of a Macrocystis canopy instead of the existing Nereocystis (bull kelp)
canopy.
3. The release of silt, from the cofferdam construction, into the Cove
almost completely destroyed the benthic community.
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~. A new, soft-bottom benthic community is developing in Intake Cove, and
a fairly rich rocky reef community has developed on the breakwaters.
This community includes substantial numbers of red abalone and giant
red sea urchins.
5. Intake Cove has also attracted large numbers of fish, especially
several species of Juvenile rockfish during certain parts of the year.
6. A red algae community has been established on the breakwaters in depths
of 15 to 20 feet and shallower.
7. The dominant brown algae in Intake Cove is not Macrocystis.
8. Even if the silt had not been released into the Cove, we believe that
the benthic community eventually would have become dominated qy soft-
bottom animals and plants, due to natural deposition of silt from run-off
and erosion.
B. North Control - arrival of Sea Otters.
1. Early in 1973, the southern front of the sea otters moved south of Point
Buchon and took up residence in the kelp bed Just north of Lion Rock.
2. In May 1974, we began our random subtidal studies, and we selected this
area for our Control area.
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3. During our initial random surveys in 1974, it was quite evident that
sea otters were foraging on red abalone and giant red sea urchins.
4. The otters continued to forage in this area even after the front moved
south to Diablo Cove, and eventually, Pecho Rock.
5. The random stations in the North Control reflected the foraging
activities Qy yielding a highly significant decline in giant red
sea urchin density from 1974 through 1977.
6. Red abalone density seemed to decline from 1974 to 1975, then apparently
increased after this. However, these changes were not statistically
significant.
7. The density of the two most common species of brown algae, Laminaria and
Pterygophora, increased at random arc stations between 1974 and 1977.
However, the increase in Pterygophora density was not statistically
significant.
8. Bull kelp densities declined during our studies at the arc stations
between 1974 and 1977, but increased significantly at quadrats between
1976 and 1978. Apparently, other factors were acting on the bull kelp
abundance other than the decline in numbers of giant red sea urchins.
9. All of these observed changes in the biota, we feel, are due directly
to sea otter foraging.
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C. Diablo Cove - arrival of sea otter, release of copper corrosive products,
red tide, removal of cofferdam.
1. In May 1974, sea otters moved into Diablo Cove. In July 1974, during
cooling water pump testing and release of copper into the Cove, dead
and dying abalone were observed in South Diablo Cove. From September
through November 1974, a bloom of red tide organisms occurred in the
Diablo Canyon area.
2. From 1974 through 1977, we observed significant declines in giant red
sea urchin densities in both North and South Diablo Cove, in fact,
they have not been recorded from most South Diablo Cove random stations
since 1974.
3. Bull kelp (Nereocystis) increased substantially in density from 1974
to 1975 but declined thereafter.
4. Pterygophora and Laminaria both showed highly significant increases in
density between 1974 and 1977.
5. From our observations, the drastic decline in sea urchins in Diablo Cove
resulted from sea otter foraging, as well as red tide, and probably the
release of copper. The decline in sea urchins allowed for a high
production of bull kelp, Nereocystis, in 1975 and the two understory kelps,
Pterygophora and Laminaria, also increased in density. The decline after
1975 was probably due to the fact that this alga, an annual, was unable to
compete with the perennial understory kelps Pterygophora and Laminaria.
-'
-567-
6. Sea otter foraging and the copper release presumably caused a reduction in
abalone population. Unfortunately, the subtidal red abalone population
was set at such a low level when we began our studies in 1973 that the
permanent and random station data do not indicate a significant decline.
7. We suspect that other significant changes or differences shown by
analysis of the subtidal data could have been due to the three factors
mentioned above or fluctuations in the environment.
8. Changes in fish populations, particularly the decline in observations
of lingcod and kelp greenlings, are probably due to natural causes.
However, the local sport and commercial fisheries may be involved with
the pO~llation fluctuations.
9. There appeared to be little or no relationship between bull kelp
abundance and fish species diversity.
10. The removal of the cofferdam in front of the outfall structure, in
contrast to that in the Intake Cove, resulted in only small amounts
of silt and sand to be deposited in Diablo Cove with little or no
~ observed impact to the subtidal communities.
We feel that the significant differences between our study areas for many
of the plants and animals reflect the differences in habitats of these areas.
For example, South Diablo Cove supports a community that is adjusted to semi-
protected waters subject to occasional high rates of sediment movement. North
Diablo Cove, on the other hand, supports a more diverse community that is
adjusted to a semi-protected cove largely protected from sediment scouring or
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burial and is also more greatly supplied Qy currents. The subtidal communities
in the North Control, an exposed coast type of habitat, most closely resemble
those of North Diablo Cove, although they do differ in their own regard.
Most of the significant differences in densities at depths are probably due
to natural distribution patterns of the particular plant or animal. However,
the difference in giant red sea urchin densities at depth may be related to sea
otter foraging patterns and/or mortalities due to the red tide and release of
copper into Diablo Cove. From our observations the sea otters tend to feed on
animals in the shallower waters when they first arrive in an area. It also
appears that there has been little or no Juvenile giant red sea urchin
recruitment since the arrival of the otters. This may be due to the lack of
adults as well as lack of suitable protective habitat in which the Juvenile
giant red sea urchins develop.
Based on these conclusions and the analysis of the data, we make the
following recommendations:
1. Surveys of random arcs and quadrats should be continued once a year in
the interim period before the plant begins operating, at least in the
shallow waters (less than 25 feet deep) of Diablo Cove and the North
Control.
2. Surveys of permanent subtidal stations be discontinued as the analysis
of the random data has yielded more significant results for the changes
that we have observed. The stations monitored by the 3l6A biologists
appear to be sufficient.
-"
-
-
--
-
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3. Once the plant becomes operational. we recommend that the random
subtidal studies be intensified to a level of effort at least equal
to our pre-operational studies. This effort would include surveys
of 24 30-m2 arcs in each Diablo Cove and the North Control and 96
O.25-m2 quadrats in each Diablo Cove and the North Control.
4. We recommend that additional fish studies be initiated by our project
as well as PG&E or one of their contractors to obtain more quantified
data in Diablo Cove and our North Control.
Specifically:
a. During the interim non-operational period. baseline studies
should be initiated utilizing rapid visual species counts and/or
modifications of this method now being tested qy Department
biologists.
b. Rapid visual species counts should be conducted at all our future
random benthic stations.
c. An attempt should be made to conduct rapid visual counts at night
to obtain data on nocturnal species.
Miscellaneous Studies
Tidepool Fish StuQy
The tidepool fish collections were similar for Diablo Cove and North
Control. Any changes in these intertidal cornrm.lOities should be reflected by
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changes in the fish populations, both in numbers and species changes.
Continued monitoring of these populations through rotenone or tidepool draining
should be continued as a check in intertidal changes. A decision as to the
method (rotenone or draining) has to be made. More fish are collected with
rotenone, but the fish are killed. Draining collects fewer fish but has less
of a detrimental effect on the fish.
Catch-Per-Unit-Of-Effort Stugy
The standard deviations were often greater than the mean numbers of fish
caught in this study. The unreliability of the data does not warrant further
study unless our methods are modified to maximize fishing effort. The results
of the concluded study, however, have been valuable in confirming our visual
observations as to the nk:>st l'I.bundant non-cryptic species.
Fish Stomach Content-Content Stugy
Stomach contents of fish from the tidepool collections provide a check on
the populations of the invertebrates and vertebrates pre.y species. Fish can
serve as "collectors" of organisms difficult for biologists to sample. Changes
in fish diet, whether in numbers of prey caught or in prey species, could be
used as an indicator of conmunity change. Empha.sis should be placed on fish
that consume animal food rather than on herbivorous fish.
--
--
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Sea Otter Study
The movement of sea otters into the Diablo Canyon area resulted in
significant changes in the plant and animal communities. It is our belief that
most of the significant changes we have observed in invertebrate and plant
populations were the direct or indirect results of foraging sea otters. We
recommend that our observations of sea otter activity within the Diablo Canyon
area be continued.
Commercial Abalone and Urchin Fishery Surveys
Our interviews with the commercial fisherman harvesting abalone and urchins
showed the decline and eventual end of both fisheries as the sea otters moved
through the area. The landing showed the demise of these fisheries.
As these fisheries no longer exist, we have no recommendations regarding
further studies.
Bull Kelp Survey
Our annual fall census of the surface canopy of bull kelp in Diablo Cove
reflected the significant changes documented at random subtidal stations. The
changes reflected include the large increase in the population from 1974 to
1975, and the ensuing decline from 1976 through 1978. We feel these changes
were due to the removal of sea urchins by sea otters and the resulting '~loom"
of the subsurface canopy of Laminaria and Pterygophora.
We recommend that this annual census be continued.
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Figure 206. Numbers of bull kelp, Nereocystis luetkeana, from shore census (e) and
subtidal survey population estimates (.) in Diablo Cove. DCPP,
1973-1978.
*From Burge and Schultz 1973
**The shore survey in 1975 is estimated from subtidal survey counts
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Figure 207. Distribution and numbers of bull kelp, Nereocystis luetkeana, within
Diablo Cove assessed during the October, 1970 shore census (Modified
from Burge and Schultz, 1973).
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Diablo Cove assessed during the October, 197~shore census.
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APPENDIX la. Summary of Personnel Man-Days, Boat Time, and Laboratory Time.
DCPP, 1973-1979.
July 1, 1973 -- December 31, 1978
July 1973 July 1974 July 1975 July 1976 July 1977** July 1978
through through through through through through
June 1974 June 1974 June 1976 June 1977 June 1978 June 1979 Totals
Total
Man-Days 902 947 1048 1062 1172 1058 6189
Man-Days
at Slte* 238 263 765 818 1012 964 4060
Boat TIme
(Hours) 36 42 89 72 65 58 362
Laboratory Time
Man-Dayst 618 642 268 224 24 1776
*Total time spent at Diablo Canyon by al I project personnel; Includes both field and
laboratory time.
**Total time spent at Diablo Canyon by al I project personnel; Includes both field as
well as laboratory time. Beginning with this report, all time off for vacation, sick
leave, etc., wll I be excluded.
tTlme spent at Monterey office.
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APPENDIX lb. Summary of Intertidal Sampling Effort: Number of Stations; Random
O.25-m2 Quadrats; Paral lei Abalone Transects and Perpendicular
Abalone Transects. oc:pp, 1973-1977. (- Indicates not sampled)
Diablo Point Intertidal
O.25-m2 Paral lei Perpendicular
Stations Quadrats Abalone Transects Abalone Transects
Winter
1973-74 3 12 2 Not Done at oPt
Summer
1974
Winter
1974-75 3 12 3
Summer
1975 3 12 2
Winter
1975-76 3 12 2
Summer
1976 3 12 3
Winter
1976-77
Summer
1977 3 12 3
Totals 18 72 15
-
South Diablo Cove Intertidal
0.25-m2 Paral lei Per pend 1cu la r
Stations Quadrats Abalone Transects Abalone Transects
Winter
1973-74 5 20 3
Summer
1974 5 20 5
Winter
1974-75 9 36 9 5
Summer
1975 9 36 9 8
Winter
1975-76 8 32 8 -
Summer
1976 9 36 7 7
Winter
1976-77 9 36 9 9
Summer
1977 9 36 9 9
Totals 63 252 59 39
-APPENDIX lb. (continued)
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North Diablo Cove Intertidal
0.25-m2 Paral lei Per pend Icu lar
Stations Quadrats Abalone Transects Abalone Transects
Winter
1973-74 5 18 5
Summer
'-- 1974 5 20 5
Winter
1974-75 8 32 8 3
Summer
1975 9 36 9 9
Winter
1975-76 9 35 7 8
Summer
1976 9 36 9 8
Winter
1976-77 9 36 9 9
Summer
1977 9 36 9 9
Totals 63 249 61 46
North Control Intertidal
0.25-m2 Parallel Perpend Icu Iar
Stations Quadrats Abalone Transects Abalone Transects
Winter
1973-74 5 18 3
Summer
1974 4
Winter
1974-75 9 36 9 4
Summer
1975 9 36 9 6
Winter
1975-76 10 40 10 5
Summer
1976 10 40 8 7
Winter
1976-77 9 36 9 9
Summer
1977 10 40 10 9
Totals 64 250 59 40
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APPENDIX Ie. Summary of Intertidal Sampling Effort, Permanent Abalone transects.
OCPP, 1969-1978. (- Indicates not sampled)
Seal South North Field's
Haul-Qut Diablo Cove Diablo Cove Cove
Winter
1969-70* 2 2 2
Summer
1970* 2 2 2
WI nter
1970-71* 2 2 2
Summer
1974 2
Summer
1975 2 2
WI nter
1975-76 3 2 3
Summer
1976 3 2 2
WI nter
1976-77 3 2 2
Summer
1977 3 2 3
Winter
1977-78 2 2
Summer
1978 2 3
Totals 6 24 22 20
-
* From Burge and Schultz 1973
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APPENDIX 1d. Surmary of Subtidal Sarrplif\g Effort, Parrlom Statiom. ICPP,
1974-1978. (- indimtes not sarrplm.)
:3C>-ne Arc Stations O.2')-m2 QJadrat Statioos*
Depth Range (m) Depth Range (m)
Year 0-7.6 7.7-15.2 15.3-22.9 Total 0-7.6 7.7-15.2 15.3-22.9 Total
Swth Diablo Cove
1974 6 2 8 a
1975 8 4 12 12 12
1976 8 4 12 20** 4 24
1977 9 3 12 36 9 3 48
1978 a 35 13 48
North Diablo Cove
1974 5 1 6 a
1975 8 4 12 12 8 20
- 1976 8 4 12 20 4 24
1977 9 2 1 12 3T 11 48
19'78 a 33 15 48
North Cartro1
1974 8 5 1 14 a
1975 15 9 24 a
1976 14 9 1 24 23 3) 48
'-'
1977 15 7 2 24 49 31 4 84
1978 a 48 36 12 96
* FaIr ql.Rdrats per station
** One ql.Rdrat 'N8S not included 00 th:l invertebrate mta amlysis recause it was 00 100
percent sand.
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APPENDIX Ie. Summary of Subtidal Sampling Effort, Permanent Stations. OCPP,
1970-1978. (- Indicates not sampl ad)
Permanent Stations
(60-m2) 1970* 1971* 1973 1974 1975 1976 1977 1978 Totals
Diablo Cove
2
9 3 3 2 3 2 16
10 3 3 2 2 14
11 3 3 3 3 2 2 18
12 3 3 2 3 2 2 17
16 2 2 3 2 13
Field's Cove
6 3 3 2 2 2 14
7 3 3 3 2 2 15
8 2 3 2 9
South Cove
15 2 3 3 2 3 16
Totals 24 26 8 18 20 16 14 8 134
* From Burge and Schultz 1973
( ( ( ( (
Appendix 2. Intertidal Sampling Dates and Tide Levels (In feet) for Diablo
Point, South Diablo Cove, North Diablo Cove, and North Control.
DCPP, 1973-1977.
North Control Intertidal
Station Winter Summer Winter Summer i-linter Summer \-linter Summer
.iumber 1973-74 1974 1974-75 1975 1975-76 1970 1976-77 1977
1 O5Jan74(-0.9) ;'is 14Dee74(-0.9) 25May75 (-1.4) 30;.jov75(-0.B) 14May76 (-1. 6) N/S O5Jun77(-0.9)
L 2lDee73 ( ) Ms N/S 29May75 (-0.3) 30Nov75 (-O.B) 14May76 (-1. 6) !'IDee 76 (-1. 4) OlJ un 77 (-1.5)
3 N/S Ms 13Dee74{-l.0) 25May75 (-1.4) 01Dee 75 (-1. 2) l5May76 (-1.5) 19Dee76 (-1.4) OlJun77 (-1. 5)
4 a/s N/S 25Jan75{-1.2) 22Jun75 (-1. 1) 01Dee75 (-1.2) l5May76{-1.5) 1BJal177 (-1. 4) 02Jun77{-1. 7)
5 21Jan74{-O.6) a/s 12Dee74 (-1.0) 26May75 (-1.3) 02Dee75 (-1.4) 16May76 (-1. 2) 18Jan77 (-1.4) 02Jun77 (-1. 7)
6 06Jau74 (-1.4) N!S 25Jan75 (-1.2) 24Jun75(-1.0) 02Dee75 (-1.4) 16May76{-1.2) 1BJan77 (-1. 4) 03Jun77 (-1.6)
7 .-lis l~/S llDee74{-O.9) 27May75{-1.0) 03Dee75 (-1.4) 17May76(-0.B) 19Jan77 (-1.4) 03Jun77 {-1. 6)
8 N/S N/S 24Jan75(-0.8) 24Jun75(-1.0) 03Dee 75 (-1.4) 17l1ay76{-O. B) 19Jan77 (-1. 4) 04Jun77 (-1.4)
9 10Dee74 (-0.6) 1:I/S 10Dee74 (-0. 6) 2BMay75{-O.7) 14Jan76 (-0.6) 13Jun76{-1. 4) 19Jan77 (-1.4) 04Jun77(-1.4)
10 a/s l~/S 24Jan75{-0.8) N/S 14Jan76(-O.6) 13Jun76{-1.4) 03Mar77 (-0.5) 06Jun77 (-0.5)
( ) = Tide Level
I
I
U1
1.0
I--'
I
Append Ix 2. (continued)
North Diablo Cove Intertidal
Station Winter Summer Winter Suuuner Winter Summer Winter Summer
[-lumber 1973-74 1974 1974-75 1975 1975-76 1976 1976-77 1977
1 09Nov73 18Aug74(-0.8) llNov74 (-0.4) 14May75 (-0. 7) 17Jan76(-1.1) 17Apr76(-1.0) 19Nov76 (-0.7) 04May77 (-1. 4)
2 N/S N/S 13Jan75 (-0.6) llJun75 (-1.1) 17Jan76 (-1.1) 17Apr76 (-1. 0) 19Nov76(-0.7) 03May77 (-1. 2)
3 04Feb74 (-1.4) 24May74 (-1. 3) 25 Feb 75 (-1.1) 14May75 (-0. 7) 27Jan76(-o.7) 30Jun76(-0.5) 20Nov76 (-1. 2) 04May77 (-1.4)
4 09Dec73 1BJu174 (-1. 3) 09Jan75(-0.8) llJun75 (-1.1) 27Jan76(-o.7) 29Jun76(-0.7) 05Dec76(-0.4) 04Jul77 (-0. 7)
5 N/S 25May74 (-1.0) 12Nov74(-0.8) 15May75 (-0.5) 28Jan76(-0.9) 29Jun76(-o.7) 02Feb77 (-0.7) 04Jul77 (-0.7)
6 N/S N/S 08Jan75 (-0.5) 10Jun75 (-1.1) 28J81176(-0.9) 14Jun76 (-1. 1) 03Feb77 (-0. 7) 30Ju177 (-1.2)
7 N/S 2IJun74 (-1. 6) 26Jan75 (":1.5) 15May75(-0.5) 30Jan76 (-0.9) 14Jun76 (-1. 1) 13Feb77 (-0.5) 30Ju177 (-1. 2)
8 20Jan74 (-0.6) H/S l.j/S 10Jun75 (-1. 1) 04Nov75 (-1. 2) 12Jun76 (-1.5) 13Feb77 (-0.5) 29Ju177 (-1. 2)
9 10Nov73 N/S 26Feb75(-0.8) 25Jun75 (-0.8) 04Nov75 (-1.2) 12Jun76 (-1.5) 14Feb77 (-0.8) 29Jul77 (-1. 2)
( ) .. Tide Level
I
I
lT1
1.0
"-l
I
( ( ( (
( (
Appendix 2. (continued)
South Diablo Cove Intertidal
( ( (
Station Winter Summer Winter Summer Winter SUDDller Winter Summer
,~umber 1973-74 1974 1974-75 1975 1975-76 1976 1976-77 1977
1 07Feb74 (-1. 3) i~/S 13Nov74 (-0. 9) 12May75 (-0.8) 29Jan76 (-1. 0) 16Apr76 (-1. 2) 220ct76(-0.7) 05May77 (-1. 4)
2 Ol:>Dec 73 ( ) His 12Jan75(-Q.7) 13Jun75 (-0. 7) 16Jan76 (-1.1) 18Apr76(-0.6) 220ct76(-0.7) 05May77 (-1.4)
3 N/s 23Hay74 (-1.4) 29Jan75 (-Q.9) 13May75 (-0. 8) 16Jan76 (-1.1) 18Apr76(-0.6) 230ct76 (-1. 0) 06May77 (-1. 2)
4 lli~ov73 ( ) 17Aug74 (-1.0) 10Jan75(-0.9) 13Jun75(-0.7) 15Jan76(-0.9) 15Jun76(-0.7) 230c t 76 (-1. 0) 06May77 (-1.2)
5 12i'!ov73( ) 22Jun74 (-1.4) 29Jan75(-0.9) 13May75 (-0.8) 15Jan76(-0.9) 15Jun76 (-0.7) 240ct 76 (-1. 0) 03Jul77 (-1.1)
0 19Jan74(-0.4) 22Hay74 (-1.4) llJan75 (-0.8) 14Jun75 (-0.3) N/s llJu176 (-1.2) 17Feb77 (-0.9) OlJul77 (-1.6)
7 HI':', N/s 28Jan75(-L3) 16May75 (-0.2) 30Dec75(-1.2) llJu176 (-1.2) 17Jan77 (-0.9) OlJu177 (-1.6)
8 ii/s 24Jun74(-0.5) 08Feb75(-0.6) 23Jun75 (-1.1) 03Nov75 (-1. 2) 12Ju176 (-1. 0) 17Jan77(-0.9) 30Jun77 (-1.5)
9 N/S N/S 28Jan75 (-1. 3) 23Jun75 (-1.1) 03'~ov75(-1.2) 12Ju176(-1.0) 18Dec76 (-1. 0) 29Jun77 (-1.1)
( ) = Tide Level
I
I
U1
\.D
W
I
Appendix 2. (continued)
Diablo Point Intertidal
Station ..linter SUIIlIller Winter SUlIllller Winter Swmner Winter SUlIllller
Number 1973-74 1974 1974-75 1975 1975-76 1976 1976-77 1977
1 N/s
2 N/S
3 N/s
4 N/s
5 07Dec73 N!S 06Feb75(-0.4) 12Jun75 (-1.0) 02Nov75 (-0.7) 16Jun76(-0.3) tl/s 07May77(-O.8)
6 18Jan74(-0.1) N/s 14Nov74 (-0.9) 26Jun75 (-0.5) 02Nov75 (-0.7) 28Jun76(-0.7) N/S 07May77 (-0.8)
7 07Dec73 Ms 23Feb 75 (-1.1) 12Jun75 (-1.0) 13Feb76(-0.9) 28Jun76(-0.7) N/s 01Aug77 (-0.6)
Sampled twice
8 not included
in analysis.
Sampled once
9 not included
in analysis.
10 N/s
( ) .• Tide Level
I
I
U1
\0
,j::o.
I
( ( ( ( <-
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Appendix 3. Percent Frequency of Occurrence of Algal Species Observed at Random
Intertidal O.25-m2 Quadrats tor Diablo Point, South Diablo Cove,
North Diablo Cove, and North Control. DCPP, 1973-1977.
Sur v e y Per i o d
Winter Summer Winter Summer Winter Summer Winter Summer
Species 73-74 1974 74-75 1975 75-76 1976 76-77 1977
GREEN ALGAE
Cladophora sp. 8.3 0 0 0 0 0
Derbesia TlUI'ina 0 0 0 0 8.3 0
BROWN ALGAE
Alaria TlUrginata 8.3 16.7 25.0 0 0 16.7
/inaUpus japorricus 33.3 0 0 8.3 0 8.3
Egregia menziesii 16.7 33.3 16.7 8.3 8.3 8.3
-
8gregia sp. 0 0 0 0 0 16.7
Lamina:z'ia dentigera 0 0 25.0 0 25.0 25.0
llliD ALGAE
Botryoglosswn farlowianwn 16.7 0 8.3 0 0 8.3
CaUithamnion pikeanwn 0 8.3 25.0 8.3 41. 7 33.3
Callitharnnion rupicolwn 0 16.7 0 8.3 8.3 25.0
Callophyllis crenulata 0 0 0 16.7 0 0
Callophyllis firma 0 0 8.3 0 8.3 0
Callophyllis flabellulata 0 0 0 16.7 8.3 0
CaUophylUs heanophyUa 0 0 0 8.3 0 0
- CaUophyUis sp. 0 0 25.0 33.3 58.3 8.3
CaUophylUs lyiolacea 0 0 8.3 8.3 8.3 50.0
Cr'yptopleura lobulifem 41. 7 0 25.0 41.7 0 33.3
Cryp top leura sp. 25.0 50.0 41.7 41. 7 0 33.3
-
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EndoaLadia muriaata 16.7 0 0 8.3 0 16.7
ErythrophyLLum deLesserioides 8.3 33.3 75.0 33.3 0 91. 7
FarLowia moLUs 0 8.3 0 0 0 0
Fauahea media 0 0 8.3 0 0 0
Gastroalonium aouLteri 8.3 16.7 8.3 16.7 0 16.7
Gelidium aoulteFi 0 8.3 0 0 0 8.3
Ge Udium l'obus tum 8.3 8.3 0 8.3 8.3 0
Gigm'tina agardhU 16.7 0 0 0 8.3 0
Gigartina aanaZiauLata 16.7 16.7 8.3 0 8.3 8.3
Gigartina aorymbiferu 0 0 0 0 0 25.0
G·igartina exasper'ata 41.7 75.0 66.7 91. 7 66.7 58.3
Gigartina papiLLata 16.7 16.7 25.0 25.0 0 16.7
Giga.:rtina sp. 8.3 0 0 0 0 0
Gigartina spinosa 0 0 8.3 0 0 0
Hymenena flabelLigera 0 0 0 25.0 0 16.7
Hymenena multiLoba 0 0 0 8.3 16.7 8.3
-
Hymenena sp. 0 0 41.7 41.7 58.3 50.0
Iridaea aordata v. splendens 91.7 91. 7 91. 7 66.7 100.0 100.0
Iridaea Uneare 8.3 41. 7 25.0 8.3 0 0
Iridaea heteroaarpa 0 25.0 16.7 0 8.3 16.7
Iridaea sp. 0 0 0 33.3 0 0
Laurenaia gardneri 0 0 0 0 8.3 0
Laurenaia speatabiLis 41.7 16.7 8.3 8.3 25.0 16.7
MiaroaLadia boreaLis 58.3 50.0 83.3 25.0 100.0 100.0
Mial'Oaladia aaUfomiaa 33.3 0 0 0 0 0
Miaroaladia aoulteri 0 25.0 100.0 91.7 91.7 91. 7
Neoptilota densa 8.3 8.3 8.3 0 0 33.3
--·597-
-
Neoptilota hyprwideB 0 16.7 50.0 8.3 33.3 25.0
Pikea aalifomiaa 0 0 8.3 0 0 16.7
Ploaamium violaaeum 33.3 0 0 16.7 8.3 8.3
PolyBiphonia hendryi 0 0 0 0 8.3 0
POlYBiphonia sp. 0 0 0 0 8.3 0
Porphyra perforata 0 0 8.3 0 0 0
Porphyra sp. 0 8.3 8.3 8.3 41.7 25.0
Prionitis australis 0 8.3 0 0 0 0
Prionitis l-anaeol.ata 50.0 91. 7 100.0 91. 7 83.3 91. 7
Prionitis lyaUii 0 0 8.3 0 0 0
Pterosiphonia dendroidea 0 0 0 0 8.3 0
Rhodoglossum parvum 8.3 16.7 0 8.3 0 50.0
RhodomeLa larix 0 0 8.3 0 0 0
Hhodym~nia aallophyllidoides 0 0 8.3 0 0 0
Hhodym~nia aaliforniaa 0 0 0 8.3 0 8.3
Hhodymenia paaifiaa 16.7 0 0 0 0 25.0
Rhodymenia sp. 0 8.3 0 0 0 0
Sahizymenia paaifiea 0 0 0 0 8.3 8.3
Unidentified red algae 0 25.0 25.0 8.3 0 0
NUMBER OF QUADRATS SAMPLED 12 ~/S 12 12 12 12 N/S 12
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Append Ix 3. (cont Inued )
South Diablo Cove Intertidal
S u r v e y Per i 0 d
Winter Summer Winter SUllUUer Winter Summer Winter Summer
Species 73-74 1974 74-75 1975 75-76 1976 76-77 1977
GREEN ALGAE
BlYOpsis hypnoides 0 0 5.6 2.8 0 0 0 0
Cladophol'a gral1linea 0 0 0 0 0 2.8 2.8 0
Cladophom sp. 0 5.0 0 2.8 0 0 0 0
Dtil'beirl-a marl-na 0 0 0 25.0 9.7 19.4 16.7 2.8
SpongomoI'I'ha ,'oal i ta 0 5.0 0 13.9 0 25.0 11.1 30.6
Spongolllol'pha sp. 0 0 0 27.8 0 0 0 0
Ulva sp. 25.0 20.0 19.4 52.8 9.7 63.9 72.2 66.7
Unidentified green algae 0 0 0 0 0 0 2.8 0
BROWN ALGAE
Analipus japonicus 0 0 5.6 0 0 5.6 0 0
Colpomertia sp. 0 0 0 2.8 0 0 0 0
Cystoseira osmundac:ea 0 0 5.6 0 3.1 0 0 5.6
Cystoseim sp. 0 5.0 0 0 0 0 0 0
Egregia men~iesii 5.0 0 2.8 0 9.4 2.8 2.8 0
Laminaria dentigem 5.0 0 5.6 2.8 0 0 0 11.1
\ l'terogophora sp. 0 5.0 0 0 0 0 0 0
Ralfsia sp. 0 0 2.8 0 0 0 0 0
KED ALGAE
AmpZisipf~nia pac:ifica 0 0 0 0 3.2 0 0 0 -
Antithamnion uncinatum 0 0 0 0 0 8.3 0 0
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Getidium robustum 10.0 5.0 11.1 0 0 0 0 0
GeUdium sp. 5.0 15.0 2.8 0 0 0 0 0
Gigartina agard/Iii 0 10.0 0 0 0 2.8 0 0
Gigartina oanaLiouLata 60.0 65.0 66.7 55.6 48.4 80.6 86.1 80.6
Gigarti,na oOl'ymbifera 0 0 0 0 0 0 0 5.6
Gigartina exasperata 20.0 35.0 22.2 11.1 9.7 8.3 11.1 19.4
Gigax·tina Leptorhynohus 0 10.0 2.8 5.6 0 13.9 11.1 5.6
Gigartina papiLtata 55.0 55.0 44.4 52.9 19.4 58.3 63.9 27.8
Gigartina spinosa 0 0 2.8 2.8 0 8.3 2.8 5.6
Gigartina voLans 0 0 0 0 0 0 8.3 0
Gigartina sp. 10.0 0 2.8 2.8 3.2 0 0 0
GLoisiprwnia oapiLLaris 5.0 0 0 0 0 8.3 0 0
GrateLoupia doryphol'a 5.0 0 2.8 2.8 0 2.8 0 19.4
Gl'ateLoupia setohettii 10.0 0 0 0 0 0 0 0
"- Griffithsia paoifioa 0 0 0 0 0 0 0 2.8
Gymnogongrus tingal'is 0 0 0 0 0 0 0 5.6
ilatosaeoion 'dwndifol'rne 0 0 0 0 0 30.6 0 2.8
HaLymenia sahizymenoides 0 0 0 0 0 0 2.8 0
HaLymenia sp. 0 0 0 0 0 0 0 2.8
liel'posiphonia vertioi Liata 0 0 0 0 0 0 2.8 0
HotLenbergia subulata 0 0 2.8 0 0 0 0 0
Hymenena [labettigera 5.0 15.0 0 0 0 2.8 0 19.4
Hymenena sp. 0 5.0 2.8 2.8 6.5 19.4 19.4 22.2
Iridaea oordata v. sptendens 70.0 60.0 77 .8 30.6 38.7 77 .8 66.7 83.3
- Iridaea rlaccida 0 5.0 0 2.8 3.2 0 0 0
Iridaea nete1'Oaarpa 30.0 20.0 8.3 33.3 6.5 66.7 13.9 38.9
Iridaea sp. 0 0 0 22.2 3.2 0 0 0
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AntithaJrmion sp. 0 0 0 5.6 0 0 0 0
BotryogZossum jarZowianwn 50.0 45.0 2.8 0 0 0 2.8 0
CalZithanolion pikeanwl/ 0 5.0 5.6 1l.1 0 22.2 5.6 2.8
CaZZithaJrmion rupiaoZum 0 5.0 2.8 0 0 0 2.8 2.8
CaZZophyZZis j1abeZZuZata 0 0 0 0 0 0 0 5.6
CalZophyZZis v-ioZaaea 10.0 0 0 0 0 0 0 5.6
CaUophy lZis sp. 5.0 10.0 0 0 9.7 8.3 8.3 0
Ceramium eatonianum 0 0 0 2.8 3.2 13.9 2.8 1l.1
Ceramiwn gar.Jneri 0 5.0 0 2.8 0 0 0 0
Ceramium paaifiaum 0 0 0 0 0 5.6 0 0
Ceramium sp. 0 0 0 0 0 2.8 0 0
Chondria deaiprens 0 0 0 0 0 2.8 16.7 0
CryptopZeu:ra cor'alZinaria 0 0 0 0 0 0 13.9 0
CryptopZeu:ra ZobuZifera 15.0 5.0 0 0 0 0 5.6 1l.1
CryptopZeu:ra vioZaaea 5.0 35.0 2.8 2.8 0 0 5.6 38.9
CryptopZeu:ra sp. 15.0 25.0 50.0 22.2 38.7 41. 7 27.8 13.9
Cryptosiphonia woodii 0 0 0 2.8 0 0 0 0
EndoaZadia rrruriaata 5.0 10.0 2.8 16.7 0 11.1 27.8 5.6
Fal'Zowia aompl'essa 5.0 0 0 2.8 0 2.8 2.8 8.3
FarZowia maZZis 5.0 5.0 2.8 8.3 3.2 33.3 5.6 0
FarZowia sp. 0 5.0 0 0 0 0 0 0
Fauahea media 15.0 0 2.8 0 0 0 5.6 0
Gastl'oaZonium eouZteri 70.0 55.0 66.7 75.0 51.6 75.0 66.7 52.8
GeZidium arborescens 0 0 0 0 0 0 2.8 0
GeZidium aouZteri 10.0 10.0 27.8 27.8 12.9 63.9 50.0 16.7
GeZidium purpu:rasaens 0 10.0 0 0 0 5.6 13.9 16.7
GeZidium pusiZZum 0 0 2.8 2.8 2.8 0 5.6 0
'-'
'-'
Laurencia bZinksii
Laurenaia BpectabiZis
Laurenaia sp.
MicrocZadia boreaZis
MicrocZadia couZteri
NeoagaluhieZZa baiZeyi
deoptil.ota densa
NeoptiZota hyprwides
OdanthaZia j1occosa
Pikea californica
Pikea pinnata
PZocamiwn cartiZagineum
PoZyneuz'a Zatissima
PoZysiphonia coZZinsii
PoZysiphonia hend1~i
PoZysiphonia pacifica
PoZyBiphonia sp.
Porphyrfl sp.
Prionitis andersonii
Prionitis ZaneeoZata
Prionitis ZyaZZii
Prionitis sp.
PseudogZoiophZoea eonfusa
Pterocl.adia eoZogZossoides
Pterosiphonia dendroidea
ptiZota sp.
RhodogZOBBum affine
o
70.0
o
o
65.0
20.0
o
o
o
o
o
o
o
o
5.0
o
o
o
5.0
85.0
o
o
o
o
o
o
o
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o
45.0
o
o
60.0
50.0
o
o
5.0
o
o
10.0
o
o
o
o
o
5.0
o
65.0
o
o
o
o
o
o
5.0
o
13.9
o
o
58.3
30.6
2.8
o
o
o
o
o
o
o
o
o
o
o
27.8
91.6
2.8
o
o
o
o
o
30.6
o
25.0
o
8.3
80.6
16.7
5.6
8.3
o
o
o
o
2.8
o
5.6
o
o
o
11.1
77 .8
2.8
o
2.8
o
o
2.8
2.8
o
22.6
o
o
58.1
9.7
2.8
o
o
o
o
6.5
o
o
o
o
o
o
3.2
90.3
o
o
o
3.2
o
o
o
2.8
11.1
2.8
11.1
83.3
27.8
o
o
o
o
o
o
8.3
2.8
8.3
o
2.8
11.1
2.8
69.4
11.1
o
o
o
5.6
o
o
o
22.2
o
o
72.2
16.7
5.6
o
o
o
2.8
o
2.8
o
8.3
o
o
o
o
80.6
8.3
o
o
o
o
o
19.4
o
27.8
o
o
100.0
58.3
8.3
2.8
o
8.3
o
o
5.6
o
o
2.8
o
2.8
o
75.0
38.9
2.8
o
o
13.9
o
8.3
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Rhodog~OBBW~ !J,n·;I."r 0 0 ll. 3 2~.0 48.4 69.4 72.2 (».9
Rhod.ugto ,ill:11Alli sp. 0 0 0 0 0 8.3 0 0
tth(.JM,r'lri La ?..J.lvi:.c 25.0 20.0 5.6 25.0 0 30.6 11.1 2.8
Rhodymenia paaifiaa 0 0 0 2.8 a 0 0 5.6
Rhodymenia rohizoides 0 0 0 0 0 0 2.8 0
'-'
Iihodjm,:;;~La sp. 0 0 0 2.8 3.2 8.3 0 0
!J'c-hizyrl1efl1." C! tJC1r;iJYrja 0 5.0 13.9 19.4 0 16.7 ILl 30.6
:Jahizymenia sp. 5.0 0 0 0 6.5 0 0 0
Smi thoroa naiadwn 0 30.0 0 0 0 0 0 0
Unidentified red algae 45.0 10.0 16.7 13.9 6.5 2.8 5.6 2.8
-
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Append Ix 3. (cont Inued )
North Dl8blo Cove Intertidal
Sur v e y Per i 0 d
Winter SUDlIIler Winter SUDlIIler Winter Suouner Winter Suouner
Species 73-74 1974 74-75 1975 75-76 1976 76-77 1977
GREEN ALGAE
Br'yopsis hypnoides 0 0 3.1 2.8 U 0 0 0
C7-adophora graminea 0 0 0 0 0 2.8 0 0
Ctadophora sp. 5.6 5.0 0 0 0 0 2.8 0
Codium setahe7-7-ii 0 0 3.1 0 0 0 0 0
Der·beBia marina 0 0 0 22.2 26.5 16.7 8.3 5.6
Spongomorpha aoaUta 0 5.0 0 0 8.8 22.2 0 2.8
Spongomorpha sp. 0 0 0 8.3 0 0 0 0
U7-va sp. 1l.1 15.0 12.5 22.2 38.2 52.8 16.7 16.7
IlROWN ALGAE
Egregia menziesii 0 0 3.1 5.6 5.7 25.0 1l.1 1l.1
Dictyoneur>um sp. 0 0 0 0 0 2.8 0 0
Laminaria dentigera 0 0 0 0 0 11.1 2.8 5.6
Ra7-fsia sp. 0 0 0 0 2.9 0 0 0
RED ALGAE
Antithamnion sp. 0 10.0 3.1 0 0 0 0 0
Hotryog7-oBBum far7-owianum 55.6 25.0 6.2 8.3 2.9 8.3 11.1 25.0
Botryog7-oBBwn Bp. 0 0 0 0 0 0 2.8 0
Ca7-7-ithamnion biseriatum 0 0 0 0 8.e 0 0 0
-
Ca7-7-ithamnion pikeanum 1l.1 50.0 15.6 50.0 35.3 50.0 16.7 13.9
Ca7-7-ithamnion rupiao7-um 0 0 18.8 27.8 17.7 22.2 22.2 11.1
Ca7-7-ithamnion sp. 0 10.0 0 0 0 0 0 2.8
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CaUophyUis firrru 0 0 0 0 0 5.6 0 0
CaZZophyZZis fZabeZZuZata 0 0 0 0 0 0 2.8 5.6
CaHophyHis heanophyUa 0 0 0 0 0 0 5.6 0
Callophyllis obtusifolia 0 0 0 2.8 0 2.8 0 0
CaZZophyZlis pinnata 0 0 0 0 2.9 0 0 2.8
Ca Hophy Uis violaaea 0 0 0 36.1 14.7 25.0 13.9 58.3
CaHophyUis sp. 1l.1 15.0 6.2 8.3 20.6 16.7 19.4 5.6
Centroaerus elavulatum 0 0 0 0 0 2.8 0 0
Ceramium eatonianum 0 30.0 3.1 19.4 5.8 19.4 1l.1 8.3
Ceramium ~ardnel~ 0 15.0 3.1 8.3 17.7 0 0 0
Ceramium sp. 0 0 0 5.6 0 0 0 0
Clyptonemia obovata 0 0 0 2.8 0 0 0 0
Cryptopleura coralliyuzria 0 0 0 0 0 0 38.9 13.9
CryptopZeura lobuZifera 22.2 35.0 0 47.2 32.4 8.3 30.6 58.3
CryptopZeura vioZaeea 0 5.0 0 0 2.9 2.8 8.3 38.9
CryptopZeura sp. 27.8 6.0 75.0 58.3 67.7 50.0 66.7 1l.1
Endoeladia murieata 11.1 10.0 0 8.3 2.9 19.4 13.9 8.3
Erythroglossum ealiforniewn 0 0 0 2.8 0 0 0 0
ErythrophyZZum deZesserioides 5.6 0 6.2 11.1 0 13.9 2.8 5.6
FarZowia eompressa 0 0 0 0 2.9 5.6 0 5.6
Farlowia moZZis 5.6 0 6.2 2.8 0 0 0 0
Parlowia sp. 0 0 0 0 0 0 0 0
Fauehea media 5.6 0 0 0 0 0 0 0
GastroaZonium eoulteri 50.0 65.0 53.1 55.6 73.5 33.3 72.2 66.7
-Gelidium eoulteri 0 5.0 15.6 30.6 1l.8 27.8 38.9 19.4
Ge Udium purpurasaens 0 0 0 0 8.8 2.8 2.8 5.6
Ge Zidium pusi Hum 0 0 0 2.8 0 0 5.6 2.8
-'-
-
GeZidium robustum
Gigartina agardhii
Gigal'tina bOl'yi
Gigal'tina carta liau'lata
Gigartina aorymbifera
Gigartina exaspel'ata
Gigal'tina harveyana
Gigartina 'leptorhynahus
Gigal'tina papi'l'lata
Gigartina spinosa
Gigartina vo'lans
G'lo'iosiphonia aapiHaris
Goni"~phy'l'lum skottsbergii
Grate'loupia doryphora
Grate'loupia setahe'l'lii
Gymnogongr~ 'leptophy'l'lus
Ha'losaccion g'landifonme
Ha'lymenia aalifornica
Herposiphonia vel'tici'liata
Hymenena cuneifo'lia
Hymenena ['labe'l'ligera
Hymenena ky'linii
liymenena mu'lti'loba
Hymenena sp.
Iridaea cordata v. sp'lendens
Iridaea ['laaaida
Iridaea heteroaarpa
o
o
o
44.4
o
38.9
o
o
11.1
5.6
o
o
5.6
o
5.6
o
5.6
o
o
o
o
o
o
o
77.8
o
22.2
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20.0
o
o
75.0
o
20.0
o
o
30.0
o
o
o
o
o
o
o
25.0
o
5.0
o
o
o
o
o
45.0
20.0
5.0
28.1
o
o
75.0
o
15.6
o
6.2
34.3
o
o
o
o
o
o
o
12.5
o
o
o
o
o
o
31.2
71.9
o
25.0
o
o
o
66.7
o
16.7
5.6
o
27.8
2.8
o
o
o
o
o
o
13.9
2.8
2.8
o
5.6
o
o
27.8
41. 7
8.3
50.0
2.9
2.9
o
85.3
o
38.2
o
o
35.3
o
o
2.9
o
o
o
o
14.7
2.9
o
o
5.8
o
o
23.5
88.2
o
61.8
o
o
o
66.7
2.8
47.2
o
o
19.4
o
o
o
o
22.2
o
o
16.7
8.3
o
o
o
o
2.8
66.7
91.6
o
75.0
5.6
5.6
2.8
83.3
o
47.2
2.8
5.6
30.6
5.6
2.8
o
o
o
5.6
2.8
19.4
o
5.6
o
5.6
2.8
o
44.4
91.6
o
30.6
o
o
o
77.8
16.7
33.3
o
o
30.6
5.6
o
o
o
11.1
o
o
2.8
o
o
2.8
38.9
o
o
27.8
86.1
o
19.4
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Iridaea sp. 0 0 6.2 27.8 8.8 2.8 0 0
Laurenaia blinksii 0 0 0 0 8.8 0 0 0
LaUlJdllCia speetllb-i, lis 38.9 10.0 43.8 30.6 47.1 30.6 75.0 61.1
Laurencia sp. 0 0 0 2.8 0 0 0 0
Microdadia borealis 5.6 55.0 3.1 30.6 5.8 25.0 2.8 13.9
Miaroaladia c:ouUeri 55.6 85.0 56.2 75.0 67.7 94.4 88.9 100.0
'-";
Neoagardhiella baileyi 27.8 15.0 18.8 16.7 17.7 41.7 30.6 41.7
Ncwpti lota densa 0 0 3.1 0 0 0 0 0
Neoptilota hypnoides 0 0 0 2.8 0 2.8 0 0
Plenosporium squarl'Ulosum 0 0 0 5.6 0 0 0 0
Plocamium aartilagineum 0 5.0 0 0 0 0 0 0
PloaamiwlI violacewn 0 0 0 0 0 8.3 0 0
Ploaamium sp. 0 5.0 0 0 0 0 0 0
Polyneura latissima 0 0 0 5.6 0 0 0 2.8
Polysiphonia hend:t>yi 0 0 3.1 2.8 8.8 0 0 2.8
-'
Po lysiphonia paaif'iaa 0 0 0 2.8 0 0 2.8 2.8
Polysiphonia paniaulata 0 5.0 0 5.6 2.9 0 0 0
1'0I'phyl'a sp. 0 5.0 0 2.8 0 2.8 2.8 8.3
Priori tis ander·sonii 0 0 0 2.8 0 0 2.8 0
Prionitis lanaeolata 88.9 45.0 71.9 69.4 73.5 91.7 86.1 91.6
Pl'ionitis lyaUii 0 0 0 0 0 0 8.3
2.8
Prionitis sp. 0 0 0 0 0 0 0
2.8
Ptel'osiphonia dendl'oidea 0 0 0 0 0 0 0 5.6
HhodoglossUffl affine 0 a 31.2 0 5.8 0 2.8 5.6
RhodoglossUffl parvUffl 5.6 a 15.6 13.9 76.5 0 83.3 55.6 -
RhodogloBSUffl sp. 0 0 3.1 0 2.9 0 0 5.6
--607-
Rhodymenia californica 0 0 0 2.8 0 2.8 a 0
Rhodymenia lobulifem 0 0 a 2.8 0 a 0 0
Rhodymenia paJifica 0 0 0 2.8 0 2.8 0 5.6
Rhodymenia. sp. a 0 0 2.8 2.9 0 8.3 0
-
Schizymenia epiphytica 0 0 0 2.8 0 0 0 0
Schizymenia pacifica 5.6 0 0 2.8 29.4 27.8 13.9 11.1
Schizymenia. sp. 0 0 0 5.6 0 0 0 0
Unidentified red algae 11.1 5.0 12.5 11.1 2.9 11.1 2.8 0
UNIDENTIFIED ALGAE 0 5.0 0 0 0 0 0 0
-
-
-
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Appendix 3. (continued)
North Control Intertidal
S u r v e y Per i 0 d
Winter Summer Winter Summer Winter Summer Winter Sunuuer
Species 73-74 1974 74-75 1975 75-76 1976 76-77 1977
GREEN ALGAE
Cladophora gl'aJrrinea 0 0 0 0 2.8 0
Codiwn sp. 0 2.8 0 0 0 5.6 0
Del'besia marina 3.1 0 0 17.5 0 5.0
Spongomorpha aoalita 0 0 0 5.0 0 0
Ulva sp. 0 2.8 5.0 10.0 2.8 2.5
BROWN ALGAE
Dictyoneurwn aali[ornianwn 0 0 0 2.5 0 0 2.5
-
Egl'egia menziesii 5.6 0 0 0 5.0 2.8 7.5
Laminal'ia dentiger'a 0 0 0 0 2.5 2.8 5.0
LCIJ7Iinar-ia sp. 0 0 0 2.5 0 0 0
RED ALGAE
iil'cl'oahaetiwn spp. 0 0 2.5 0 0 0
BayZesia pZwnosa 0 0 0 0 5.6 0
Botl'yOgZ088wn fal'Zowianwn 18.8 8.3 35.0 7.5 16.7 20.0
CaZZithamnion pikeanwn 18.8 44.4 10.0 45.0 13.1 17.5
CalZithamnion rupicoZwn 6.2 5.6 0 12.5 2.8 10.0
CaZZithamnion sp. 0 2.8 0 0 0 0 -
CalZophyZZis firma 3.1 0 0 2.5 8.3 7.5
CalZophylZis fZabeUulata 0 0 0 0 5.6 2.5
CaUophyZZis heanophylZa 0 0 2.5 0 2.8 0
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CaUophyUis obtusifoZia 3.1 0 0 0 0 0
CaUophynZv virmata 0 0 2.5 0 0 2.5
Ca Zlophy l Us lJiolacea 6.2 8.3 0 7.5 5.6 32.5
Cullophy Il iv tip. 0 8.3 12.5 22.5 22.2 7.5
C"r'Qlffiwn eutorl'iwlwlI 3. L 5.6 0 5.0 0 40.0
L'I'!JP top ldur'Q <:01'", lUnaI'ia 0 0 0 0 5.6 0
Cl'yp top leul'a lobuZifero 9.4 13.9 7.5 5.0 16.7 10.0
Cl'yptopleura violacea 0 2.8 0 2.5 0 7.5
Cl'yptopleuro sp. 21.9 52.7 17.5 60.0 41. 7 0
Endocladia muricata 0 11.1 0 10.0 5.6 25.0
~l'ythrophyllwn delesseI'ioides 0 2.11 2.5 5.0 0 7.5
Farlowia cornpressa 0 0 2.5 0 0 7.5
Farlow'ia mollis 0 0 0 5.0 0 0
-
Gas tr'oc: loni WII cou Ztel'i 34.3 44.4 17.5 37.5 41.7 25.0
CelZdiwlI coulteI'i 9.4 22.2 7.5 22.5 16.7 12.5
Ce l idiwlI pur>pur'ascens 0 0 5.0 2.5 2.8 2.5
Celidiwn pusi Hum 0 0 2.5 2.5 0 2.5
GelidiwlI l'obustwn 15.6 0 7.5 0 0 5.0
Cigal'tina agardhii 0 0 10.0 2.5 5.6 5.0
Gigal'tina bOl'yi 0 0 0 0 2.8 0
Cigar·tina canaliculata 53.1 55.6 27.5 65.0 66.7 52.5
Cigartina aOl'ymbifero 0 0 0 0 0 10.0
Ciual'tina exasperata 28.1 11.1 17.5 27.5 25.0 40.0
-
Gigartina leptol'hynchus 0 0 2.5 0 2.8 0
Gigal'tina papillata 53.1 57.8 25.0 57.5 5.6 45.0
Gigartina spinosa 0 0 0 5.0 0 0
Gigartina volans 0 0 2.5 0 0 2.5
'-
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Gigal'tina sp. 0 2.8 0 0 0 2.5
Gmteloupia doryphora 0 0 0 0 5.6 0
Gl'ate loupia setcheUii 0 0 0 0 0 2.5
Gyrrmogong1'Us Zeptophy l Us 0 0 0 0 0 2.5
Gymnogong1'Us lingaris 0 0 0 0 0 5.0
lialosaccion glandifol'"~ 3.1 5.6 0 10.0 0 0
Halymenia californica 0 0 0 2.5 0 0
fIymenena cunei fo lia 0 0 0 0 0 2.5
Ilymeruma flabe lUgera 0 8.3 10.0 2.5 0 2.5
Hymenena sp. 34.3 22.2 20.0 40.0 36.1 62.5
Iridaea cordatu v. splenclens 96.8 88.9 50.0 95.0 86.1 92.5
Iridaea flaccida 0 2.8 0 0 0 0
Il,idaea heterocarpa 6.2 41.6 7.5 62.5 38.9 17 .5
Tl·idaea lineare 0 0 0 2.5 0 2.5
Iridaea sp. 0 0 22.5 0 0 0
Laurenaia speatabilis 31.2 25.0 27.5 27.5 25.0 37.5
Microcladia bOl'ealis 3.1 11.1 2.5 10.0 0 2.5
Microaladia couUeri 56.2 44.4 32.5 60.0 44.4 70.0
Microcladia sp. 0 0 2.5 0 0 0
Neoagardhiella baileyi 21.9 13.9 2.5 20.0 16.7 30.0
Neoptilota densa 0 8.3 2.5 5.0 0 10.0
Neoptilota hypnoides 0 2.8 0 2.5 0 5.0
Odonthalia floccosa 0 0 0 2.5 0 2.5
Pikea californica 0 0 0 0 2.8 20.0
Plenosporiwn squa:l'l'ulosum 0 2.8 0 0 0 0
Plocamiwn cartilagineum 0 2.8 0 7.5 0 2.5
Plocamium violaceum 3.1 2.8 0 5.0 0 7.5
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Ploaarmwn sp. 0 2.8 0 0 0 0
Polyneur'a latissima 0 0 0 0 2.8 10.0
Polusiphonia brodiaei 0 0 0 2.5 0 0
Polysiphonia hendryi 0 0 0 0 0 2.5
Po lysipl-wnia sp. 0 0 0 0 0 2.5
Por'phyI'a sp. 3.1 8.3 0 17.5 2.8 15.0
PI'ioni tis austr'al'is 0 0 2.5 0 0 0
Pr·ionitis andersonii 6.2 0 0 2.5 0 0
Proionitis ZanaeoZata 84.4 50.0 55.0 55.0 61.1 72.5
Prionitis Zinearis 0 2.8 0 0 0 0
PI'ionitis ZyaHii 0 0 0 0 0 2.5
Pr'ionitis sp. 0 0 10.0 0 0 2.5
Pteroahondl'ia woodii 3.1 0 0 0 2.8 0
Rhodoglossum affine 40.6 2.8 0 0 2.8 5.0
- /(hodog lossum par'vwn 12.5 19.4 27.5 70.0 50.0 52.5
f(/lOdoU Zossum sp. 0 0 0 0 25.0 5.0
Rhodymenia <Jalifomica 0 8.3 5.0 0 8.3 2.5
Rhodymenia lobuUfem 0 0 0 • 2.5 0 0
Hhodymertia pacifi<Ju' 3.1 0 0 0 2.8 15.0
Rhodumenia sp. 0 0 0 2.5 2.8 2.5
Schizymenia epiphytiaa 0 2.8 0 0 0 0
Sahizymenia pacifiaa 6.2 0 2.5 20.0 2.8 10.0
Undientified red algae 18.8 8.3 5.0 17.5 0 0
-
-
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Appendix 4. Percent Frequency of Occurrence of Fish and Invertebrate Species
Observed at Random Intertidal 0.25-m2 Quadrats for Diablo Point,
South Diablo Cove, North Diablo Cove, and North Control. DCPP,
1973-1977.
Diablo Point Intertidal
Species
Winter
73-74
Survey Period
Summer Winter Summer
1974 74-75 1975
Winter
75-76
Summer
1976
Winter
76-77
Summer
1977
FISH
Ollgocottus snyderl 0 0 0 0 8.3 0
INVERTEBRATES
Acmaea sp. 50.0 8.3 8.3 33.3 16.7 50.0
Aglaophenla sp. 8.3 0 0 8.3 0 0
Aldlsa sangulnea 8.3 0 0 0 0 0
Allopora porphyra 0 0 16.7 25.0 0 0
Allopora sp. 0 0 8.3 0 0 0
.....",
Amphlssa sp. 0 0 0 16.7 0 0
Anthopteura elegantlsslma 8.3 16.7 25.0 8.3 25.0 33.3
Anthopleura xanthogrammlca 58.3 16.7 25.0 16.7 16.7 16.7
Aplldlum sp. 0 0 0 25.0 0 0
Balanophyilia elegans 0 0 0 0 0 8.3
Balanus tlntlnnabulum 0 50.0 16.7 8.3 16.7 0
Balanus sp. 66.7 33.3 16.7 16.7 16.7 91.7
Blttlum sp. 0 0 0 0 0 8.3
Cadi Ina luteomarglnata 8.3 0 0 0 0 0
Caillostoma Ilgatum 0 33.3 0 41.7 25.0 50.0
Caillostoma sp. 0 0 0 0 0 8.3
Cancer antennarlus 0 0 41.7 41.7 33.0 58.3
Cancer sp. 0 0 0 8.3 0 0
Clavellna huntsman I 0 0 8.3 8.3 0 0
Corynactls callfornlca 16.7 25.0 50.0 41.7 33.3 33.3
Coryphella flsherl 0 8.3 0 0 0 0
Crista sp. 0 0 0 0 16.7 25.0
Cyanoplax dentlens 0 0 0 0 8.3 0
Dlaulula sandlegensls 0 0 0 0 0 8.3
Dorlopsilia albopunctata 8.3 0 0 0 0 0
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Eplactls prollfera 25.0 25.0 41.7 50.0 50.0 58.3
Eurystomella bllablata 0 0 0 66.7 16.7 16.7
Fissurelia volcano 16.7 8.3 16.7 16.7 16.7 41.7
Flustrella cornlculata 0 0 0 8.3 0 0
Hal lotls cracherodll 58.3 50.0 16.7 41.7 50.0 50.0
Hallotls kamtschatkana 0 0 0 0 8.3 0
Hallotls rufescens 0 0 0 16.7 0 8.3
Henrlcla levluscula 8.3 50.0 41.7 50.0 33.3 41.7
Hlppodlplosla Insculpta 0 0 0 8.3 0 0
Homalopoma lurldum 0 16.7 0 0 0 0
Idotea sp. 8.3 0 8.3 0 0 8.3
Katharlna tunlcata 16.7 0 0 0 0 0
Leptasterlas spp. 50.0 75.0 41.7 66.7 58.3 91.7
Leucilia nuttlngl 8.3 8.3 8.3 0 0 0
Mopa Iia spp. 33.3 16.7 0 33.3 25.0 8.3
Mytllus callfornlanus 50.0 8.3 33.3 33.3 33.3 16.7
Nerels sp. 8.3 0 0 0 0 0
Nucella emarglnata 8.3 8.3 16.7 0 0 0
Nuttailina callfornlca 16.7 0 0 8.3 8.3 8.3
Pachycheles sp. 0 0 0 25.0 0 0
Pagurus granoslmanus 0 0 0 0 8.3 0
Pagurus sp. 0 0 16.7 33.3 16.7 25.0
- Petrollsthes clnctlpes 0 0 0 0 8.3 0
Pisaster ochraceus 16.7 16.7 16.7 25.0 0 16.7
~sp. 0 0 0 0 0 8.3
Pododesmus ceplo 0 16.7 0 16.7 8.3 0
Poillcipes polymerus 8.3 16.7 8.3 0 8.3 16.7
Pugettla gracilis 0 8.3 8.3 0 8.3 0
Pugettla producta 25.0 33.3 50.0 50.0 50.0 75.0
Pugettla rlchll 0 0 0 8.3 0 33.3
Pyrura haustor 0 0 0 8.3 0 0
Rostanga pulchra 0 0 0 0 0 8.3
Serpulldae 0 0 8.3 33.3 16.7 25.0
Serpulorbls squamlgerus 25.0 66.7 75.0 66.7 33.3 66.7
Sertutare II asp. 0 0 0 0 16.7 0
Stronglocentrotus 50.0 41.7 16.7 75.0 91.7 91.7
-
purpuratus
-
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Styela montereyensls 0 0 16.7 0 8.3 0
Tegula brunnea 66.7 83.3 75.0 75.0 58.3 75.0
Tetracllta squamosa 0 0 0 8.3 8.3 8.3
rubescens
Tetracl Ita sp. 25.0 0 0 0 0 0
Tonlcella 11neata 25.0 16.7 25.0 33.3 25.0 41.7
Trlopha catllnae 0 0 0 8.3 0 0
Trlopha maculata 0 0 0 0 0 8.3
Tubularla sp. 0 0 0 8.3 16.7 0
Un Ident Ifled anemone 0 0 0 8.3 0 0
Un Ident Ifled barnac Ie 0 0 0 0 8.3 0
Un Ident Ifled chi ton 0 0 0 0 0 8.3
Un Ident! fled ectoprocta 8.3 0 0 0 0 0
Un Ident Ifled hydro ids 0 8.3 0 0 0 0
Unidentified pho lads 0 0 0 8.3 0 8.3
Un Ident Ifled sponge 25.0 0 8.3 16.7 16.7 41.7
Un Ident Ifled tun Icate 0 8.3 41.7 41.7 58. 3 66. 7
--
--
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Appendix 4. (continued)
South Diablo Intertidal
Species
Sampll n9 Period
Summer Winter Summer Winter Summer
73-74 1974 74-75 1975 75-76
Winter
1976
Summer Winter
76-77 1977
INVERTEBRATES
Acmaea sp. 3.0 20.0 25.0 16.7 18.8 22.2 2.8 27.8
Aeolldla papillosa 0 0 0 0 0 0 0 2.8
Amphlssa sp. 0 0 0 2.8 0 2.8 16.7
Anlsldorls nobilis 0 0 0 0 2.8 0 0 0
Anthopleura elegantlsslma 0 0 0 8.3 9.4 11.1 5.6 2.8
Anthopleura xanthogrammlca 15.0 10.0 11. 1 0 6.2 2.8 16.7 2.8
Astraea glbberosa 10.0 10.0 2.8 8.3 6.2 0 5.6 5.6
Balanus sp. 0 0 2.8 0 3.1 5.6 0 0
Blttlum sp. 0 0 0 0 0 2.8 25.0 61.1
Cactosoma arenarla 0 0 0 0 0 0 5.6 22.2
'-
Ca I I lostoma II gatum 0 0 0 0 0 2.8 0 2.8
Cancer antennarlus 5.0 10.0 5.6 8.3 18.8 22.2 22.2 36.1
Cancer Jordan I 0 0 0 2.8 6.2 0 5.6 25.0
Cancer productus 0 0 0 0 0 5.6 5.6 2.8
Cancer sp. 0 5.0 0 5.6 6.2 0 2.8 2.8
Clavellna huntsman I 5.0 0 2.8 2.8 0 19.4 2.8 36.1
Conus callfornlcus 0 10.0 2.8 5.6 9.4 5.6 0 2.8
Crangon dentlpes 0 0 0 0 0 2.8 0 0
Cryptollthodes sltchensls 0 0 0 2.8 0 0 0 0
Cyanoplax dentlens 0 0 0 0 0 0 2.8 2.8
Dlopatra sp. 0 0 0 0 6.2 0 0 2.8
Eplactls prollfera 40.0 35.0 33.3 38.9 43.8 38.9 86.1 77.8
Epltonlum tlnctum 0 0 2.8 0 0 2.8 5.6 5.6
Eupentacta qulnquesemlta 0 0 0 0 0 2.8 0 0
Eurystomela bllablata 10.0 0 0 0 9.4 5.6 8.3 2.8
Fissurelia volcano 10.0 0 13.9 11.1 3. 1 8.3 22.2 5.6
Halcampa decemtentaculata 0 0 0 0 0 2.8 5.6 0
Hallotls cracherodll 15.0 5.0 13.9 75.0 18.8 11.1 19.4 27.8
Hallotls rufescens 10.0 20.0 19.4 75.0 28.1 22.2 27.9 25.0
Haplogaster sp. 0 0 0 0 0 0 2.8 0
Henrlcla levluscula 30.0 50.0 25.0 47.2 56.2 63.9 52.8 63.9
Hermlssenda crasslcornls 0 0 5.6 0 0 0 2.8 0
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Homalopoma lurldum 0 0 0 0 0 0 2.8 2.8
Idotea sp. 0 5.0 0 0 0 0 0 0
Ischnochlton sp. 0 0 0 0 0 0 0 2.8
Lepldolona mertens I I 0 0 0 0 0 2.8 5.6 2.8
Leptasterlas spP. 40.0 30.0 22.2 52.8 50.0 69.4 75.0 17.8
Leucosolenla sp. 0 0 0 0 3.1 0 0 0
Lissothuria nutrlens 0 0 2.8 0 12.5 0 13.9 5.6
Lophopanopeus bellus 0 0 0 0 0 2.4 2.8 0
Lophopanopeus spp. 0 0 0 0 0 0 2.8 0
Loxorhynchus crlspatus 0 0 0 0 6.2 0 2.8 0
Megatebennus blmaculatus 0 0 0 0 3.1 0 0 0
Mlmulus follatus 0 0 0 2.8 0 0 5.6 2.8
Mitra Idae 0 0 0 0 0 8.3 0 2.8
----Mltrella spp. 0 0 8.3 0 18.8 11.1 33.3 63.9
Mopalla spp. 10.0 5.0 16.7 19.4 3.1 2.8 13.9 5.6
Mytllus callfornlanus 0 5.0 2.8 0 3.1 2.8 2.8 0
Nerels sp. 0 5.0 0 0 0 0 2.8 0
Nucella emarglnata 0 5.0 5.6 0 0 2.8 0 0
Nucella spp. 0 0 0 0 0 0 2.8 0
Nuttal Iina callfornlca 0 0 0 0 0 5.6 0 0
Ocenebra sp. 0 0 0 0 3.1 5.6 22.2 22.2
Pachycheles sp. 0 0 0 0 0 0 2.8 0
Pagurus sp. 0 10.0 11. 1 25.0 53.1 33.3 16.7 44.4
Paraxanthlas taylorl 0 0 0 2.8 0 0 0 0
Patlrla mlnlata 5.0 0 5.6 0 0 0 5.6 5.6
Phldlana~ 0 5.0 0 0 0 0 2.8 13.9
Pisaster sp. 0 0 2.8 0 0 0 0 0
Pista sp. 20.0 5.0 33.3 47.2 56.2 47.2 50.0 75.0
Pseudomelatoma torosa 0 0 0 0 0 2.8 2.8 11.1
Pugettla gracilis 0 5.0 0 25.0 15.6 27.8 38.9 5.6
Pugettla producta 55.0 40.0 36.1 36.1 37.5 41.7 41.7 52.8
Pugettla rlchll 5.0 5.0 10.0 2.8 9.4 0 11.1 47.2
pycnogon Ida 0 0 0 5.6 0 0 0 0
Pycnogonlda hellantholdes 0 0 2.8 0 0 0 0 0
~ haustor 0 0 0 0 9.4 0 0 0
Rostanga pulchra 0 0 0 0 0 2.8 0 0
Searlesla dlra 0 0 0 0 0 0 2.8 0
Serpu II dae 0 0 0 0 0 0 0 2.8
Serpulorbls squamlgerus 5.0 5.0 0 0 3.1 0 13.9 0
-Strongylocentrotus
franclscanus 0 0 2.8 0 15.6 2.8 11.1 2.8
Strongylocentrotus
purpuratus 5.0 10.0 13.9 13.9 0 16.7 19.4 11. I
Tegula brunnea 40.0 20.0 47.2 33.3 15.6 27.8 30.6 11. I
Tegula funnebralls 5.0 15.0 2.8 0 0 0 8.3 0
--
-
'-
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Tetracllta squamosa
elegans 0 0 0 0 0 0 2.8 0
Tonlcella Iineata 15.0 0 8.3 11. 1 6.2 2.8 2.8 2.8
Trlopha catallnae 0 0 0 0 0 0 2.8 0
Trlopha maculata 0 0 0 0 0 5.6 0 0
Un Ident Ifled anemone 0 0 0 0 0 0 0 2.8
Unidentified chi ton 0 10.0 13.9 16.7 3.1 13.9 8.3 5.6
Unidentified crab 0 0 0 3.1 0 0 0 0
Un Ident If Iad gastropods 0 0 2.8 2.8 3.1 5.6 2.8 0
Unidentified nudlbranch 0 0 0 0 0 2.8 0 0
Un Ident If Iad pholads 0 0 0 0 0 2.8 0 0
Un Ident Ifled sponge 0 0 0 0 0 0 11.1 5.6
Un Ident If Ied tunlcate 5.0 0 16.7 75.0 53.1 22.2 44.4 41.7
Appendix 4. (continued)
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North Diablo Cove Intertidal
Spec! es
Winter
73-74
Survey Period
Summer Winter Summer
1974 74-75 1975
Winter
75-76
Summer
1976
Winter
76-77
Summer
1977
FISH
Anoplarchus purpurescens 0 0 0 0 0 2.8 0 0
Apodlchthys flavldus 5.6 0 0 0 0 0 0 0
Sebastes chrysomelas 5.6 0 0 0 0 0 0 0
Xlphlster mucosus 0 0 0 0 0 0 5.6 0
INVERTEBRAT ES
Acmaea sp. 16.7 20.0 18.8 11. 1 34.3 22.2 16.7 13.9
Amphlssa sp. 0 0 0 0 2.9 0 16.7 8.3
Anthopleura elegantlsslma 0 0 6.2 0 0 0 0 2.8
Anthopleura xanthogrammlca 0 0 9.4 0 5.7 2.8 0 0
Aplldlum sp. 0 0 0 0 0 2.8 0 0
Archldlstoma spp. 0 0 0 0 0 0 2.8 0
Astraea glbberosa 11. 1 5.0 0 0 2.9 0 0 2.8
-
Balanus sp. 11. 1 0 6.2 8.3 22.9 0 8.3 8.3
Blttlum sp. 0 5.0 0 0 0 5.6 41.7 19.4
Cactosoma arenarla 0 0 0 0 0 0 30.6 25.0
Cadi Ina flavomaculata 0 0 0 0 2.9 0 2.8 0
Cadi Ina luteomarglnata 0 0 0 0 0 0 0 2.8
Caillostoma Ilgatum 0 0 0 8.3 2.9 0 2.8 2.8
Cancer antennarlus 0 5.0 6.2 0 17.1 5.6 36.1 27.8
Cancer Jordanl 0 5.0 0 2.8 0 0 5.6 11. 1
Cancer productus 0 0 0 0 0 0 2.8 0
Cancer sp. 0 0 6.2 0 8.6 5.6 0 0
Chama pelluclda 0 0 0 0 0 0 2.8 0
Clavellna huntsman I 11.1 0 0 13.9 5.7 13.9 5.6 44.4
Cryptollthodes sltchensls 0 0 0 2.8 0 0 0 0
Dlaulula sandlegensls 0 0 0 0 0 0 2.8 0
-Eplactls prollfera 50.0 10.0 25.0 58.3 57.1 52.8 63.9 66.1
Epltonlum tlnctum 0 0 0 0 0 0 2.8 0
Eurystomella bllablata 0 0 3.1 0 5.7 19.4 27.8 16.7
Fissurelia volcano 22.2 25.0 40.6 38.9 57.1 22.2 61.1 36. 1
Hallotls cracherodll 38.9 30.0 53.1 58.3 48.6 52.8 58.3 50.0
Hallotls rufescens 33.3 30.0 25.0 38.9 34.3 30.6 41.7 38.9
Henrlcla levluscula 27.8 20.0 9.4 52.8 62.9 55.6 69.4 83.3
.......
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Hermlssenda crasslcornls 0 0 0 0 0 0 2.8 0
Homalopoma lurldum 0 0 9.4 2.8 0 2.8 2.8 16.7
Hopklnsla rosacea 0 0 0 0 0 0 0 2.8
Idotea sp. 5.6 0 0 0 0 0 2.8 0
Ischnochlton regularls 0 0 0 0 0 0 0 2.8
Ischnochlton sp. 0 0 0 0 2.9 0 0 0
Lamellarla sp. 0 0 0 0 0 2.8 0 0
Lepldolona mertens I I 0 0 0 0 0 0 0 2.8
Leptasterlas spp. 22.2 30.0 12.5 52.8 45.7 50.0 69.4 77.8
Leucandra heathl 0 0 0 0 0 0 5.6 0
Leucilia nuttlngl 0 0 0 0 0 0 0 2.8
Leucosolenla sp. 0 0 0 0 0 2.8 0 0
Lissothuria nutrlens 0 0 0 0 5.7 5.6 30.6 19.4
Lophopanopeus bellus 0 0 0 0 0 0 5.6 8.3
Lophopanopeus leucomanus
heath I I 0 0 0 0 0 2.8 0 0
Lophopanopeus spp. 0 0 0 0 0 0 2.8 0
Megatebennus blmaculatus 0 0 0 2.8 0 0 5.6 0
Mlmulus follatus 0 0 0 0 0 0 5.6 5.6
Mltrella sp. 0 0 3.1 0 5. 7 25.0 44.4 44.4
Mopa II a spp. 0 5.0 6.2 5.6 20.0 5.6 11. 1 2.8
Mytllus callfornlanus 0 5.0 15.6 5.6 5. 7 2.8 2.8 0
-
Nucella emarglnata 5.6 0 0 5.6 0 0 0 0
Nucella spp. 0 0 0 0 0 0 2.8 0
Nuttailina callfornlca 5.6 10.0 0 2.8 0 0 2.8 0
Ocenebra sp. 0 0 0 0 0 0 16.7 16.7
Pachycheles rudis 0 0 0 0 2.9 0 0 0
Pachycheles sp. 0 0 0 0 0 0 2.8 2.8
Pagurus spp. 0 5.0 12.5 13.9 48.6 33.3 36.1 41.7
Patlrla mlnlata 5.6 5.0 9.4 0 2.9 5.6 2.8 2.8
Phidlana~ 0 0 0 0 0 0 0 2.8
Pisaster ochraceus 0 0 0 0 2.9 0 0 0
Pista sp. 0 0 0 25.0 8.6 22.2 41.7 30.6
Pseudomelatoma torosa 0 0 0 0 0 0 0 2.8
Pugettla gracl lis 0 0 3.1 36.1 2.9 36.1 13.9 11. 1
Pugettla producta 44.4 45.0 34.3 72.2 45.7 44.4 61.1 50.0
Pugettla richli 5.6 0 3. 1 2.8 5.7 0 0 25.0
~ycnopodla hellantholdes 5.6 0 0 0 0 0 2.8 0
Pyura haustor 0 0 0 0 5.7 8.3 0 0
Rostanga pulchra 0 0 0 0 0 0 2.8 0
Sabel lid polychaetes 0 0 3.1 0 0 0 0 0
Serpula vermlcularls 0 0 0 0 0 0 0 2.8
Serpulorbls squamlgerus 0 0 0 8.3 8.6 2.8 5.6 2.8
Strongylocentrotus
tranciscanus 0 0 0 0 5. 7 0 13.9 8.3
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Strongylocentrotus
purpuratus 11. 1 10.0 6.2 16.7 45.7 30.6 13.9 11. 1
Syoclum parfustls 0 0 0 0 0 8.3 0 0
Tegula brunnea 44.4 40.0 56.2 69.4 68.6 72.2 97.2 80.6
Tegula funebralls 11.1 15.0 31.2 2.8 8.6 0 16.7 0
Tetracllta squamosa
elegans 0 0 0 0 0 0 0 2.8
Tetracllta squamosa
rubescens 0 0 6.2 0 0 0 0 0
Tonlcella Iineata 16.7 10.0 6.2 0 5.7 0 11.1 11. 1
UnidentIfied amphlpoda 0 0 0 0 0 2.8 0 0
Un ldentlfl ed anemone 5.6 0 0 0 0 0 0 0
Unidentified ch Iton 0 0 0 5.6 2.9 0 5.6 8.3
Un i dent Ifled gastropods 0 0 3.1 2.8 2.9 0 2.8 0
Unidentified Glycerldae 0 0 0 0 0 2.8 0 0
Unidentified sponge 0 0 12.5 19.4 2.9 5.6 13.9 16.7
Unidentified tunlcate 0 0 3.1 19.4 45.7 41.7 41.7 63.9
-
-'
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Appendix 4. (continued)
North Control Intertidal
Survey Period
Winter Summer Winter Summer Winter Summer Winter Summer
Species 73-74 1974 74-75 1975 75-76 1976 76-77 1977
-
FISH
Anoplarchus purpurescens 0 0 0 0 0 2.8 0
Glbbonsla montereyensls 0 0 0 0 0 2.8 0
Ollgocottus snyder I 0 0 0 0 0 2.8 0
Xlphlster mucosus 0 0 0 0 0 2.8 0
INVERTEBRATES
Acmaea mltra 0 0 0 10.0 2.5 2.8 0
Acmaea sp. 22.2 16.7 33.3 7.5 17.5 19.4 30.0
Amphlssa sp. 0 0 0 7.5 0 5.6 15.0
Anthopleura elegantlsslma 0 2.8 11.1 0 5.0 5.6 2.5
--
Anthopleura xanthogrammlca 0 11.1 2.8 2.5 2.5 8.3 2.5
Aplldlum sp. 0 0 0 0 7.5 0 0
Astraea glbberosa 5.6 0 0 0 0 0 0
Balanophyilia elegans 0 0 0 2.5 0 0 0
Balanus sp. 0 2.8 5.6 20.0 7.5 8.3 7.5
Blttlum sp. 0 0 0 0 0 27.8 22.5
Cactosoma arenarla 0 0 0 0 0 27.8 17.5
Cadi Ina flavomaculata 0 2.8 0 0 0 0 0
Caillostoma annulatum 0 2.8 0 0 0 0 0
Caillostoma canallculatum 0 0 0 5.0 0 0 0
Cal I lostoma Ilgatum 0 0 8.3 10.0 5.0 5.6 5.0
Cancer antennarlus 5.6 5.6 8.3 0 15.0 8.3 17.5
Cancer Jordanl 0 0 2.8 5.0 5.0 0 10.0
Cancer productus 5.6 0 0 0 0 2.8 0
Clavellna huntsman I 0 0 0 2.5 0 0 5.0
-
Conus callfornlcus 0 0 0 0 0 2.8 5.0
Corynactls calltornlca 5.6 0 0 0 2.5 0 0
Crangon dentlpes 0 0 2.8 0 0 2.8 5.0
Cyanoplax sp. 0 2.8 0 0 0 0 0
Dlaulula sandlegensls 0 0 0 5.0 2.5 0 2.5
Dlopatra sp. 0 0 0 2.5 0 0 0
Dorlopsilia albopunctata 0 0 0 0 2.5 0 0
-
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Eplactls prolltera 0 47.2 52.8 85.0 40.0 72.2 80.0
Epltonlum tlnctum 0 0 0 0 0 2.8 2.5
Eupentacta qulnguesemlta 0 0 0 0 0 2.8 5.0
Eurystomella bllablata 0 0 0 7.5 2.5 5.6 5.0
Fissurelia volcano 33.3 36.1 38.9 30.0 37.5 38.9 30.0
Fuslnus sp. 0 0 0 0 0 0 2.5
~ subquadrata 0 0 0 0 0 2.8 0
Hallotls cracherodll 44.4 44.4 44.4 40.0 45.0 58.3 50.0
Hallotls rutescens 16.7 19.4 8.3 27.5 7.5 27.8 17.5
Henrlcla levluscula 5.6 25.0 50.0 50.0 35.0 50.0 65.0
Homalopoma lurldum 0 0 0 0 0 0 2.5
Idotea sp. 5.6 2.8 8.3 0 0 0 0
Katharlna tunlcata 0 0 0 0 2.5 0 0
Lacuna sp. 0 0 0 0 0 5.6 2.5
Lepldolona mertens I I 0 0 0 0 0 2.8 2.5
Leptasterlas spp. 27.8 33.3 44.4 70.0 55.0 50.0 57.5
Leucandra heath I 0 0 0 0 0 5.6 2.5
Leucosolenla sp. 0 0 2.8 2.5 0 0 0
Lissothuria nutrlens 0 2.8 0 0 0 16.7 7.5
_Lophopanopeus leucomanus 0 0 0 0 2.5 0 2.5
heath I I
Mlmulus tollatus 0 0 0 2.5 2.5 0 7.5
Mltrella sp. 0 0 0 5.0 10.0 44.4 50.0
Mopalla spp. 16.5 13.9 11. 1 7.5 15.0 8.3 7.5
Mytllus ca II torn Ianus 0 11.1 5.6 5.0 5.0 2.8 5.0 -
Nucella emarglnata 5.6 2.8 0 0 0 0 5.0
Nucella lamellosa 0 0 0 2.5 0 0 0
Nuttal Iina calltornlca 11.1 0 0 2.5 0 2.8 0
Ocenebra sp. 0 0 0 0 5.0 16.7 2.5
Onchldella borealis 0 0 0 0 2.5 0 0
Pagurus granoslmanus 0 0 0 2.5 0 0 0
Pagurus samuel Is 0 0 0 0 0 2.8 0
Pagurus sp. 0 0 30.6 57.5 45.0 50.0 67.5
Paraxanthlas taylorl 0 0 0 0 0 2.8 0
Patlrla mlnlata 5.6 0 0 0 2.5 0 2.5
Pisaster ochraceous 0 5.6 0 0 0 0 2.5
~sp. 0 25.0 30.6 37.5 32.5 50.0 52.5
Placlphorella velata 0 0 0 2.5 0 0 0
Pododesmus ceplo 0 0 0 0 2.5 0 0
Poillcipes polymerus 0 0 0 2.5 0 0 0
Pseudomelatoma torosa 0 0 0 0 0 0 2.5
Pugettla gracilis 0 0 8.3 2.5 27.5 13.9 12.5
Pugettla producta 27.8 33.3 50.0 32.5 50.0 22.2 40.0
Pugettla rlchll 0 0 5.6 5.0 0 5.6 10.0
Pycnogon Ida 0 0 0 2.5 0 0 0
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Pyura haustor 0 0 0 0 2.5 0 0
Rostanga pulchra 5.6 0 2.8 0 0 0 0
Sabel lid polychaetes 0 0 0 0 0 0 2.5
Serpula vermlcularls 0 0 0 0 2.5 0 0
Serpulldae 0 0 0 2.5 0 0 0
Serpulorbls squamlgerus 0 11. 1 0 7.5 0 0 10.0
Spurilia ollvlae 0 0 0 0 0 2.8 2.5
Strongylocentrotus
franclscanus 0 0 2.8 7.5 0 5.6 2.5
Strongylocentrotus
purpuratus 5.6 13.9 25.0 20.0 32.5 11.1 20.0
Styela montereyensls 0 0 0 2.8 0 0 0
Synolcum parfustls 0 0 0 0 5.0 0 0
Tegula brunnea 50.0 72.2 77.8 80.0 80.0 88.9 92.5
Tegula funnebralls 50.0 25.0 19.4 5.0 5.0 33.3 2.5
Tegula montereyl 0 0 0 0 0 2.8 0
Tetracllta squamosa 0 0 0 5.0 0 0 0
rubescens
Tonlcella Iineata 5.6 16.7 8.3 5.0 7.5 5.6 7.5
unidentified chiton 0 5.6 2.8 7.5 7.5 0 15.0
Un Ident Ifled gastropod 0 0 0 10.0 0 0 2.5
unidentified Holothuroldea 0 0 2.8 5.0 0 0 0
Unidentified pholads 0 0 2.8 0 0 0 0
-
Un Ident Ifled sponge 0 11. 1 2.8 30.0 10.0 47.2 12.5
Un Identified tun Ieate 0 11. 1 36.1 30.0 20.0 36.1 60.0
-
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Appendix 5. Total Dry weight (g) of Algae Species Collected i.r. Subtidal O.25m'Quadrats, DCPP, 1977-1978.
Diablo COve North Control
1977 1978 1977 1978
GREEN AlGE
Cladophora yurni.nea 0.1
Ulva sp. 4.3
RED~
AntithaTTnion defectum 0.1
AnUtha.-mionella sp. 0.1
Bottyoglossum farlo.rianum 576.6 1279.2 2025.9 2954.7
Botryoglossum sp. 5.6
callithamnicn acutum 0.4
callophy11is crenulata 3.B 13.2 11.8 14.5
callophy11is fiz:ma 0.1 0.3 0.1
call0f'hyllis flabelluita 13.2 13.7 11.5 27.9
Callophy11is pinnata 38.3 34.0 62.3 58.8
Callophyllis sp. 15.7 7.1 1.2 -
callophyllis violacea 86.2 77.3 56.4 32.7
Cryptcpleura lobulifera 1.4
Cryptop1eura sp. 0.1
cryptop1eura vio1acea 4.4 8.1 6.3 13.9
~hyllun de1esserio.idE>.s 8.6 10.3 0.1
Far1CYWia ccnferta 0.1
Farlawia canpressa 4.2 15.7 8B.3
Farlawia I'lOllis 1.2
Fauchea 1aciniata 0.4 0.3 0.2 O.B
Fryeella gardneri 0.1 ~.4 4.5 B.l
Gclidium arborescens 0.1
-Gelidium coulteri 0.4
Gelidium purpurascens 2.2 10.2 2.7
Gelidium rOOustum 0.4 0.5 15.4
Gclidium sp. 0.2
Gigartina canaliculata 0.1
Gigartina oorymbifera 448.8 734.5 860.7 556.7
0.9Ertin_a ~_~rata 358.7 315.0 241.4 317.2
~Et.ina harveyana 1.1
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Appenli.x 5. (contim.ed)
Diablo erNe North Control
1977 1978 1977 1978
Gigartina sp. 0.2 2.3 1.9
- Giqartina vo1ans 3.3
Q:)nillpphyllum skottsbergii 0.1
Grute10upia doryp!lora 1.7 5.2 6.8 1.7
Griffthsia pacifica 0.1 0.1
G)TIU1C90ngrus leptophyllus 0.2
~ogongrus linearis 0.3
Gyl'nncxJongrus p1atyphyllus 0.7
Gyrmogongrus sp. 0.2 1.5
Halyrne..'1ia ca1ifornica 0.2
Halyrrenia cocci.nea 0.2
Halyrrenia schizyrreni.oides 0.3
-
Halym:mia sp. 0.2
Hyrt'I"Jlena cuneifolia 8.1
Hyrrenena flabelligera 445.8 351.1 1466.6 791.6
Hy"fl'ClleI1a ITD.l1t iloba 3.4
~asp. 39.1 0.1 0.6
Iridaea cordata var. splerrlens 218.0 53.5 113.6 203.5
Iridaea heterocarpa 0.2 2.9
Iridaea sp. 4.5 0.2
Laurencia blinksii 0.2
Laurencia spectabilis 1.8 0.9 18.8 5.9
f-'£.r.branoptera sp. 0.1
-
l-Unbranoptera ~siae 0.1
r~crocladia borealis 0.3 0.4
Microcladia coulteri 24.1 122.4 35.8 41.0
Neoaqard.lllella bai 1eyi 1.1 1.1 3.7 8.7
Ncopt ilota densa 44.0 44.6 91.9 186.2
~ti1ota hypnoides 0.6 0.8
Ojant.hzllia flOCClJ~a 0.1
gp...ll1~iell~a]ifornica 61.1 20.2 120.1 87.6
Phyccrlrys sctchelli 0.4
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Apperrlix S. (continued)
Diablo CANe North centro1
1977 1978 1977 1978
P~ea ca1ifornica 16.9 4.2
3.0 0.8
Pikea rorosta 0.1 0.3
Platythamnian sp. 0.1
0.1
Plat~on villosum 0.1 0.6
Plecnosporium sguarrulosum 0.2
0.4
Plocar:U.um eartilagineun 4.7 0.2
18.8
Plocanium violaceun 0.1
9.9
Polysiphonia brcxliae1
0.1
Po1ysiphonia !1erdryi 0.5
Polysiphonia pacifica 3.4 11.3
10.3 1.5
Polysiphonia sp. 0.1
Polyneura latissilna 64.1 .119.3
43.7 293.6
Prionitis australis 0.7
Prionitis lanceolata 69.9 90.0.
57.2 18.9
Prionitis linearis
0.5
Prionitis lyallii 3.8
0.1
Prionitis sp. 0.1
pseudogloiophloea C01fusa 0.1 0.7
0.7
Pterosiphonia derrlroidea 0.1
Pugetia fragilissirna 0.1 1.1
1.2
Rhcdoglossum patV\Jt\ 0.1 1.2
7.9
Rhcrloptill.lm plurrosun 0.1 12.2
Rhcdymenia californi=a 12.3 41.3 5.8
32.0
Rhoojmenia callophyllidoides 0.1
Rhcrly:nenia lobulifera 3.3
Rhcrlymenia pacifica 17.2 41.0 19.0
21.7
Rhoo~ia rhizoides 10.5
Rhcx;.vr.eni~ 0.2
_.
Rhcrlyrrenia sympcrli.OPhyllun .01
Schizymenia pacifica 2.5 8.8 1.9
SchiZYlilf~J1iu sp. 0.1
Stcnogr<:mtre interrupta
0.6
Tiffill1iclla ~nvderiae 0.2 0.1
------ ..
\-Jccksia rcticulata 0.3 0.3
1.4 0.2
Unid. red algae 0.1
Total QJadrats 96 96 84
96
( ( ( ( (
Appendix 6a. Summary of Data Collected for Quantified Invertebrates at Random
O.25-m2 Subtidal Stations, Diablo Cove. DCPP, 1975-1978.
1 2..L.2. 1 9 7 6 197 7 1 9 7 8
Sum it % Sum it % Sum it % Sum it %
ANNELIDA
Aphrodite sp. 0 0 ;1 1~0 0
Diopatra sp. 168 5.25 40.6 273 5.69 18.8 546(2) 5.80 26.0 162 (l) 1.70 22.9
EudistyZia poZymorpha 14 0.44 21.9 13 0.27 14.6 29 0.30 12.5 4 0.04 3.1
Myrico Za sp. 0 0.0 0 7 0.07 6.2 0
Pista sp.
I
1 0.03 3.1 3 0.06 6.2 20 0.21 15.6 13 0.14 10.4 C\f'-J
-..J
SerpuZa vemcuZaris 0 0.0 0 9 0.09 2.1 1 0.01 1.0 I
ARTHROPODA
BaZanus gZanduZa 8 0.25 6.2 0 0 0
Ba ?Anus nubiZus 1 0.03 3.1 0 0 e 0.02 1.0
Cancer antennarius 1 0.03 3.1 0 0 0
Cancer jordani 0 0 3 0.03 2.1 0
Cancer productus 0 0 4 0
Cancer sp. 0 0 1 0.01 1.0 1 0.01 1.0
CryptoZithoides sitchensis 1 0.03 3.1 3 0.06 2.1 2 0.02 2.1 0
Lophopanopeus spp. 0 5 0.10 10.4 11 0.11 9.4 1 0.01 1.0
Loxol'hynahus arispatus 5 0.16 15.6 5 0.10 10.4 3 0.03 3.1 0
Mimulus fo liatus 0 14 0.29 16.7 14 0.14 11.4 4 0.04 4.2
Mytlimeria nuttingi 0 0 1 0.01 1.0 0
Paahyaheles spp. 1 0.03 3.1 1 0.02 2.1 1 0.01 1.0 0
Pandalus gurneyi 1 0.03 3.1 0 0 0
Petl'Oliathes ainctipes 0 2 0.04 2.1 1 0.01 1.0 0
Pugettia graailus 0 17 0.35 12.5 7 0.07 5.2 0
Pugettia pl'Oducta 0 0 8 0.08 8.3 2 0.02 2.1
Pugettia riahii 1 0.03 3.1 7 0.14 12.5 46 0.48 27.1 15 15.6 11.4 I0'.
Sayra aautifrons 0 1 0.02 2.1 1 0.01 1.0 1 0.01 1.0
tv
C:)
f
CHORDATA
Boltenia villosa 7 0.22 18.8 4 0.08 4.2 19 0.20 10.4 12 0.12 11.4
Clavelina huntsmani 1 0.03 3.1 4 0.08 4.2 21 0.22 6.2 12(2) 0.13 4.2
Cr.emidoaarpa finmarkiensis 0 3 0.06 6.2 4 0.04 4.2 13 0.14 6.2
Pyura haustol' 0 4 0.08 4.2 13 0.14 9.4 4 0.04 4.2
Styela gibbsi 0 0 1 0.01 1.0 1 0.01 1.0
Styela montereyensis 6 0.19 12.5 0 0 4 0.04 3.1
CNIDARIA
Anthopleura arteme~ia 4 0.12 9.3 6 0.12 8.3 10 0.10 8.3 13 0.14 11.4
( ( { ( {
( ( ( ( (
Anthopleura xanthogrcurrniaa 5 0.16 15.6 11 0.23 18.8 20 0.20 15.6 12 0.12 11.4
Caatosoma arenaria 0 0 29 0.30 13.5 20(1) 0.21 11.4
Corynaatis aaUforniaa 58 1.81 12.5 322 6.71 12.5 112 1.17 12.5 31(2) 0.33 6.2
DiadJAmens Zuaias 0 0 5 0.05 2.1 0
Halaampa deaemtentaaulata 0 15 0.31 18.8 8 0.08 7.3 5 0.05 4.2
Paraayathus stearnsii 10 0.31 12.5 2 0.04 2.1 57 0.59 6.2 43 0.45 11.4
Tealia lofote718is 3 0.09 6.2 2 0.04 2.1 1 0.01 1.0 2 0.02 2.1
TeaUa piBaiuo!'Q 0 0 0 1 0.01 1.0
ECHINODERMATA
Cuaumaria miniata 1 0.03 3.1 1 0.02 2.1 3 0.03 1.0 4 0.04 1.0 I
Cuaumaria s p • 0 31(1) 12.5
C'l
0 52 0.54 14.6 0.33 tv~
Eupentaata quinquesmita 6 0.19 12.5 21 0.44 7.3
I
20.8 17 0.18 11.4 12 0.12
Leptasteriaa aequalis 3 9~4 3.1 19 0.39 '0.25 53 0.55 0.30 39 0.41 18.8
Lissothuria nutriens 0 1 0.02 2.1 2 0.02 2.1 17 0.18 2.1
OphiopwaJAS esmarki 1 0.'03 3.1 0 4 0.04 2.1 2 0.02 2.1
Ophiothrix spiaulata 0 0 1 0.01 1.0 4 0.04 4.2
Pisaster brevispinus 0 0 0 1 0.01 1.0
Pisaster gilJanteus 1 0.03 3.1 0 0 2 0.02 2.1
Pisaater oahraaeus 0 0 0 2 0.02 2.1
Pisaster sp. (juv.) 0 0 0 2 0.02 1.0
PlJcmopodia heUanthoides 1 0.03 3.1 2 0.04 4.2 0 8 0.08 7.3
Strongy Loaentrotus purpuratus 0
"
0.08 4.2 9 0.09 9.4 • 0,01 1,0
StrongyLoaentrotus sp. 0 0 0 6 0.06 6.2
StyLasterias forreri 0 0 0 1 0.01 1.0
MOLLUSCA
AeoLidia papiLlata 0 0 4 0.04 2.1 0
Amphissa coLumbiana 0 0 6 0.06 3.1 0
Anisodoris nobiZis 0 0 1 0.01 1.0 1 0.01 1.0
CadUna fLavoTTUOUlata 0 0 1 0.01 1.0 0
CadLina sparsa 0 0 3 0.03 2.1 0 I0"\
CaLLiostoma annuLatum 0 7 0.14 0.08 1 0.01 1.0 7 0.07 6.2
w
0
I
CaLLiostoma aanaLicuLatum 0 0 3 0.03 3.1 1 0.01 1.0
CaLLiostoma Ligatum 1 0.03 3.1 15 0.31 14.6 56 0.58 21.9 56 0.58 31,2
CaLLiostoma sp. 0 3 0.06 2.1 0 2 0.02 1.0
CaLLiostoma suprogranasum 2 0.06 6.2 0 0 0
Cerotostoma foLiatum 3 0.09 6.2 0 0 2 0.02 2.1
ChaJru peLLuaida 0 0 1 0.01 1.0 0
CoLLiseLla sp. 2 0.06 3.1 0 0 0
Conus aaLiforniaus 0 2 0.04 2.1 5 0.05 4.2 0
CorypheLla fisheri 0 0 2 0.02 1.0 4 0.04 4.2
( ( ( (
( ( ( ( (
Cryptoohiton stet~ri 0 0 1 0.01 1.0 4 0.04 4.2
DiauZuta sandiegeneiB 1 0.03 3.1 0 2 0.02 2.1 1 0.01 1.0
Diodora. aspera 0 1 0.02 2.1 1 0.01 1.0 2 0.02 2.1
Dirona piota 0 0 2 0.02 2.1 0
DisoodoPis heathi 0 0 0 3 0.03 3.1
Epitonium tinotum 2 0.06 3.1 1 0.02 2.1 5 0.05 4.2 2 0.02 2.1
Fiss~tZa votoano 0 2 0.04 2.1 3 0.03 2.1 1 0.01 1.0
HatZiotis kamtsohatkana 2 0.06 3.1 0 1 0.01 1.0 0
Hatiotis rufesoene 1 0.03 3.1 0 5 0.05 4.2 0
HaZiotis watattensis 0 0 1 0.01 1.0 1 I
Hermissenda ora.ssioornis 0 4 0.08 6.2 4 0.04 4.2 4 0.04 3.1
C'I
l,J
;-..
Hiate Ua arotioa 0 0 1 0.01 1.0 0
Hinnites (liganteus 0 0 0 1 0.01 1.0
Hopkineia rosaoea 0 0 1 0.01 1.0 3 0.03 2.1
Isahnoahiton radians 0 0 1 0.01 1.0 2 0.02 2.1
Isahnoahiton sp. 0 0 2 0.02 1.0 0
Laauna sp. 0 0 1 0.01 1.0 0
LaiZa aoakeretti 0 1 0.02 2.1 1 0.01 1.0 2 0.02 2.1
Lepidowna 11lel'teneii 0 1 0.02 2.1 0 0
Lithophaga ptumuta ketseyi 32 1.00 12.5 0 0 0
MaxweUia santal'osana 2 0.06 3.1 0 0 0
Mitm ida 4 0.12 12.5 3 0.06 6.2 22 0.23 16.7 12 0.12 9.4
Mopal.ia sp. 2 0.06 6.2 3 0.06 6.2 3 0.03 3.1 4 0.04 4.2
My tHus sp. 1 0.03 3.1 0 0 0
Nuce lla emarginata 2 0.06 6.2 0 0 0
Oaenebm beta 0 0 0 5 0.05 3.1
Oaenebm interfossa 2 0.06 3.1 0 0
Oaenebro l.ul'ida 0 0 0 6 0.06 4.2
Oaenebm sp. 0 5 0.10 8.3 10 0.10 7.3 30 0.31 20.8
Phidiana nigra 2 0.06 6.2 1 0.02 2.1 2 0.02 2.1 1 0.01 1.0 I
C"\
Plaaophore lla ve lata 0 0 1 0.01 1.0 0 Wl'V
I
Podod8STTTU8 aepio 1 0.03 3.1 0 4 0.04 3.1 0
Pseudomelatoma t01'Osa 0 6 0.12 6.2 11 0.11 9.4 11 0.11 8.3
RoStar!g¢ puZahra 0 1 0.02 2.1 2 0.02 2.1 0
SearZesia dim 0 0 1 0.01 1.0 0
SpUl'iZla ol.iviea 0 0 3 0.03 2.1 0
Tegula montereyi 3 0.09 9.4 2 0.04 4.2 10 0.10 7.3 6 0.06 6.2
Tegula puZZigo 3 0.09 6.2 4 0.08 8.3 9 0.09 8.3 19 0.20 16.7
Tegula sp. 1 0.03 3.1 29 0.60 18.8 0 0
Triopha aataUnae 3 0.09 9.4 1 0.02 2.1 0 1 0.01 1.0
( ( ( ( (
( ( ( ( (
Triopha maau~ata 0 0 0
5 0.05 5.2
Tritonia festiva 0 0 0 1
0.01 1.0
Trivia aa~iforniana 0 0 1
0.01 1.0 0
PORIFERA
Leucandra heathi 0 0 16 0.17
7.3 6(1) 0.06 6.2
Leuci~~a nuttingi 9 0.28 6.2 2 0.04 2.1 56 0.58
15.6 49(1) 0.52 18.8
Tethya aurantia 2 0.06 6.2 1 0.02 2.1 6 0.06
4.2 2 0.02 2.1
SIPUNCULA I
Pha8ao~osoma agassizii 0 3 0.06 2.1 9 0.09 4.2
0
a>
w
w
Unid. Sipunculid 0 0 0
10 0.10 3.1
I
\
TOTAL QUADRATS 32 48 96
96
Appendix 6b. Summary of Data Collected for Quantified Invertebrates at 3Q-m2
Random Subtidal Stations, Diablo Cove. DCPP, 1914-1911.
1974 1975 1976 1977
Total Mean Per % Freq. of
Observed Station Occurrence Sum it % Sum it % Sum it %
ARTHROPODA
Cancer productus 1 0.04 4.2 1 0.04 4.2
CryptoLithoides sitchensis 2 0.08 8.3 4 0.17 12.5 5 0.21 12.5 Iffi
Loxorhynchus crispo.tUB 1 0.07 7.1 2 0.08 4.2 7 0.29 20.8 2 0.08 8.3
w
.;:.
I
Pugettio. graaiLis 3 0.12 12.5 5 0.21 12.5
Pugettio. producto. 3 0.12 8.3 7 0.29 29.2 17 0.71 45.8
PugeUia richii 2 0.08 4.2 4(1) 0.17 16.7 24 1.00 37.5
Scyra acutifrana 1 0.04 4.2
CHORDATA
BoLunio. viUosa 18 0.75 33.3 33(2) 1.50 41.7 98 4.08 50.0
CNIDARtA
AntllopLeura artemesia 22 1.57 14.3 51 2.12 37.5 24 1.00 33.3 59 2.46 54.2
Ho. Lcampa decemtentacuLo.ta 40 1.67 12.5 69(3) 3.28 58.3 23(2) 1.04 37.5
( ( ( (
( ( ( ( (
TeaUa conacea 1 0.04 4.2 5 0.21 12.5
TeaZia crassicomis 3 0.21 14.3 5 0.21 20.8 3 0.12 12.5 6 0.25 16.7
TeaUa Zofotensis 11 0.78 35.7 75 3.12 33.3 42 1. 75 20.8 73 3.()4 29.2
ECHINODERMATA
Ophiop ZOCU8 e8marki 2 0.08 8.3 4 0.17 16.7
OrthaBtenas koehZen 12 0.86 50.0 25 1.04 41.7 9 0.38 25.0 13 0.54 33.3
Parastichopus caZi fomicus 3 0.12 12.5 2 0.08 8.3 4 O.p 12.5
Parastichopus parvimensis 1 0.04 4.2 3 0.12 8.3 3 0.12 12.5
Parastichopus ,pp. 2 0.14 7.1
Pi8aster brevi8pinus 4 0.17 16.7 3 0.12 12.5 3 0.12 12.5 I0'1
Pisaster ochI'aceus 22 0.92 50.0
w
4 0.28 28.6 11 0.46 12.5 13 0.54 25.0 enI
StrongyZocentrotus pUI'puratus 1 0.07 7.1 2 0.08 8.3 35(1) 1.52 37.5 16 0.67 8.3
StyZaatenaa forren 1 0.07 7.1 2 0.08 8.3 3 0.12 8.3 4 0.17 16.7
MDLlJISCA_
Aegire8 aZbopunctatus 1 0.04 4.2
Anisodon8 nobiZis 13 0.54 16.7 15 0.62 29.2 1 0.04
4.2
Archidon8 mon te l'eyensis 2 0.14 14.3 10 0.42 16.7 9 0.38 25.0
CadZina Zuteomarginata 4 0.28 21.4 3 0.12 12.5 7 0.29 20.8 5 0.21
16.7
Ceratoswma spp. 1 0.07 7.1 2 0.08 8.3 4 0.17 12.5 7 0.29 16.7
COl'ypheUa fishen 4 0.17 8.3
Cl'yptoahiton stezZeri 3 12.5 8.3 1 0.04 4.2
DiauZuZa sandiegensis 1 0.07 7.1 8 0.33 25.0 5 0.21 16.7 19 0.79 33.3
Diodora aspera 1 0.04 4.2
BaUoUs kamtschatkana 2 0.14 7.1 1 0.04 4.2
HaZiotis waZaZZensis
Hermissenda arassiaornis 5 0.35 14.3 9 0.38 12.5 5 0.21 8.3 4 0.17 16.7
Hinnites muZtirugOSU8 1 0.04 4.2 7 0.29 16.7 2 0.08 8.3
Hopkinsia ~saoea 4 0.17 16.7 3 0.13 8.3 12 0.50 25.0
Lail-a aockereU i 1 0.04 4.2 1 0.04 4.2
Megathura arenuZata 1 0.04 4.2
Mitra ida 13 0.54 25.0 33 1.38 50.0 53 2.21 54.2 ICI
w
Phidiana nigra 3 0.21 14.3 5 0.21 8.3 8 0.33 29.2 5 0.21 16.7 C"II
Triopha aataUnae 1 0.07 7.1 12 0.50 20.8 10 0.42 16.7 2 0.08 8.3
Triopha macuZata 1 0.04 4.2
TOTAL STATIONS 14 24 24 24
( ) • Number of Stations Where Counts Were Not,Made.
( ( { ( (
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Appendix 6c. Summary of Data Collected for Quantified Invertebrates at Random
O.25-m2 Subtidal Stations, North Control. OCPP, 1976-1978.
1976 1977 1978
Sum it % Sum it % Sum it %
A..'mELIDIA
Aphrodite sp. a 0.0 a 0.0 1 0.01 1.0
Chae toptel'Us varopedatus a 0.0 1 0.01 1.2 0 0.0
Diopatra sp. 61 1.27 16.7 174 1.89 17.8 100 1.04 11.4
EudistyUa poZymorpha 6 0.12 8.3 12 0.13 10.7 10 0.10 6.2
M'p:iao l.a sp. 0 0.0 6 0.06 6.0 1 0.01 1.0
Pista sp. 8 0.17 12.5 14 0.15 13.1 8 0.08 4.2
Serpul.a vermiauZ<ll'is 0 0.0 3 0.03 1.2 4 0.04 3.1
TheZepus arispus 0 0.0 0 0.0 1 0.01 1.0
ARTHROPODA
BaZanus nubil.us 1 0.02 2.1 4 0.04 2.4 NC 9.4
Canaer antennarius 1 0.02 2.1 3 0.03 3.6 2 0.02 2.1
Canaer jordani a 0.0 2 0.02 2.4 1 0.01 1.0
Cancel' sp. 0 0.0 a 0.0 6 0.06 6.2
Cryptol.ithoides sitahensis 1 0.02 2.1 11 0.12 9.5 8 0.08 7.3
Heptacarpus brevirostinis a 0.0 2 0.02 2.4 a 0.0
HippoZyte aaUforniensis a 0.0 a 0.0 1 0.01 1.0
Lebbeus lagunae 0 0.9 5 9.95 4.8 0 0.0
Lophopanopeus beHus 1 0.02 2.1 11 0.12 9.5 0 0.0
Lophopanopeus Zeuaomanus
heathii a 0.0 3 0.03 2.4 0 0.0
Lophopanopeus spp. a 0.0 1 0.01 1.2 8 0.08 3.1
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LOXOl'hynchua arispatus 3 0.06 6.2 7 0.08 7.1 1 0.01 1.0
Mimulus foUatus 5 0.10 10.4 29 0.32 25.0 1 0.01 1.0
Paahyaheles rudis 0 0.0 1 0.01 1.2 0 0.0
'-/
PetroZisthes ainctipes 0 0.0 6 0.06 3.6 0 0.0
Pugettia graailis 9 0.19 16.7 6 0.06 6.0 0 0.0
Pugettia pl'oduata 0 0.0 7 0.08 7.1 1 0.01 1.0
Pugettia riahii 3 0.06 4.2 81 0.88 42.8 24 0.25 16.7
Puge ttia sp. (juv. ) 0 0.0 0 0.0 1 0.01 1.0
Sayra aautifl'ons 0 0.0 4 0.04 3.6 5 0.05 5.2
Spil'ontoaaris prionota 0 0.0 5 0.05 4.8 0 0.0
CHORDATA
BoUenia viHosa 9 0.09 12.5 11 0.12 7.1 21 0.22 14.6 '=<
Clavelina huntsmani 0 0.0 4 0.04 1.2 18 0.19 2.1
Cnemidoaarpa finmal'kiensis 3 0.06 4.2 2 0.02 2.4 15 0.16 8.3
MoguZa sp. 0 0.0 1 0.01 1.2 0 0.0
Pyura haustor 2 0.04 4.2 5 0.05 4.8 5 0.05 4.2
Styela montereyensis 4 0.08 8.3 14 0.15 13.1 6 0.06 6.2
Stye "La gibbsi 0 0.0 0 0.0 1 0.01 1.0
CNIDARIA
Anthopleura artemisia 19 0.40 18.8 17 0.18 13.1 22 0.23 11.4
AnthopZeura elegantissima 0 0.0 2 0.02 2.4 6 0.06 3.1
Anthopleura xanthogrammiaa 16 0.33 20.8 23 0.25 16.7 23 0.24 19.8
Caatosoma arenaria 0 46 0.50 8.3 25 0.26 8.3
Corynaatis aaliforniaa 2 0.04 4.2 500 5.43 7.1 NC 14.6
Halaampa deaemtentaaulata 3 0.06 4.2 4 0.04 4.8 0 0.0
Paraayathus steal'nsii 56 1.17 20.8 16 0.17 6.0 139 1.45 13.5
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Tea~ia a~ssiaornis 1 0.02 2.1 0
Tea~ia lofotensis 2 0.04 2.1 2 0.02 2.4 0 0.0
ECHINODERMATA
Cwwnaria miniata 0 0.0 0 0.0 7 0.07 2.1
Cuewnaria pipel'ata 0 0.0 0 0.0 1 0.01 1.0
Cwwnaria sp. 0 0.0 78 0.85 32.1 5 0.05 3.1
Eupentaata quinquesemita 12 0.25 14.6 13 0.14 13.1 4 0.04 4.2
Leptasterias spp. 26 0.54 29.2 78 0.85 53.6 44 0.46 30.2
Lissothuria nut1'iens 0 0.0 12 0.13 6.0 18 0.19 5.2
Ophioploaus esmarki 1 0.02 2.1 18 0.20 9.5 7 0.07 5.2
Ophiothrix spiaulata 1 0.02 2.1 42 0.46 17.8 2 0.02 2.1
Orthasterias koehleri 0 0.0 0 0.0 1 0.01 1.0
Parastiahopus parvimensis 0 0.0 2 0.02 2.4 0 0.0
Pisastel' brevispinus 0 0.0 0 0.0 2 0.02 2.1
Pisastel' giganteus 0 0.0 1 0.01 1.2 6 0.06 6.2
Pisaster oa~aeus 0 0.0 1 0.01 1.2 0 0.0
Pisaster sp. (juv. ) 0 0.0 0 0.0 10 0.10 9.4
Pyanopodia he~ianthoides 0 0.0 1 0.01 1.2 1 0.01 1.0
Strongyloaentrotus purpuratus 12 0.25 18.8 6 0.06 4.8 b 0.0
Strongy loaentrotus sp. 0 0.0 0 0.0 5 0.05 4.2
Sty wstel'ias forreri 0 0.0 0 0.0 1 0.01 1.0
-
MOLLUSCA
Aegires albopunatatus 0 0.0 1 0.01 1.2 0 0.0
Aeolidia papi~lata 0 0.0 4 0.04 3.6 0 0.0
Aldisa sanguinea 0 0.0 1 0.01 1.2 0 0.0
Anauw padfiaa 0 0.0 2 0.02 1.2 0 0.0
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Anieodoris nobitis 1 0.02 2.1 1 0.01 1,2 1 0.01 1,0
Bittium sp. 0 0.0 5 0.05 2.4 0 0.0
Cadtina ftavomaeutata 0 0.0 2 0.02 2.4 1 0.01 1.0
CadUna tuteomarginata 0 0.0 2 0.12 2.4 0 0.0
CadUna sparsa 0 3 0.03 2.4
Cattiostoma annutatwn 1 0.02 2.1 2 0.02 1.2 6 0.06 6.2
Cattiostoma aanatiautatum 1 0.02 2.1 a 1 0.01 1.0
Cattiostoma tigatwn 3 0.06 6.2 52 0.56 26.2 40 0.42 20.8
CaHiostoma sp. 1 0.01. 1,0
Chtcunys spp. 0 1 0.01 1,2
Ceratostoma nuttattii 2 0.04 4.2 4 0.04 4.8 2 0.02 2.1
Conus aatifornieus 2 0.04 4.2 2 0.02 2.4 3 0.03 3.1
Coryphetta fisheri 0 0.0 3 0.03 3.6 2 0.02 2.1
Cryptoahiton steHeri 1 0.02 2.1 1 0.01 1.2 6 0.06 5.2 ~
Diaututa eandiegensis 3 0.06 6.2 1 0.01 1,2 2 0.02 2.1
Diodora aspera 0 0.0 2 0.02 2.4 2 0.02 2.1
Disaodoris heathi 0 0.0 1 0.01 1.2 0 0.0
Epitonium tinetum 1 0.02 2.1 2 0.02 2.4 0 0.0
Erato viteHina 0 0.0 2 0.02 2.4 1 0.01 1,0
Ftabettinopsis iodinea 0 0.0 1 0.01 1,2 0 0.0
Fissuretta votaano 2 0.04 4.2 4 0.04 4.8 8 0.08 6.2
Fusinus sp. 1 0.02 2.1 3 0.03 3.6 2 0.02 2.1
HaUotis kamtehat/t.ana 1 0.02 2.1 2 0.02 2.4 1 0.01 1,0
HaUotis rufesaens 0 0.0 4 0.04 3.6 0 0.0
Hermissenda araesiaornis 1 0.02 2.1 4 0.04 4.8 1 0.01 1.0
Binites muUirugosus 1 0.02 2.1 3 0.03 3.6 3 0.03 3.1
Bopkinsia rosaaea 0 0.0 7 0.08 7.1 2 0.02 2.1
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Isahnoahiton radians 1 0.02 2.1 0 0.0 0 0.0
Isahnoahiton reguZaris 4 0.08 4.2 a 0.0 0 0.0
Isahnoahiton sp. a 0.0 15 0.16 4.8 1 0.01 1.0
Lepidozona mertensii 1 0.02 2.1 7 0.08 6.0 0 0.0
Lepidozona sinudentata 0 0.0 1 0.01 1.2 1 0.01 1.0
Megatebennus bimaauZatus 0 0.0 1 0.01 1.2 0 0.0
Mitra ida 5 0.10 8.3 19 0.21 19.0 18 0.19 15.6
MopaUa spp. 2 0.04 4.2 3 0.03 3.6 2 0.02 2.1
NuaeHa emarginata 3 0.06 2.1 a 0.0 0 0.0
Oaenebra beta 0 0.0 0 0.0 1 0.01 1.0
Oaenebra Zuridum 0 0.0 1 0.01 1.2 9 0.09 5.2
Oaenebra spp. 5 0.10 10.4 43 0.47 28.6 19 0.20 13.5
PZaaophoreUa ve Zata 0 0.0 1 0.01 1.2 0 0.0
- Pododesmus aepio 0 0.0 2 0.01 2.4 6 0.06 4.2
PseudomeZatoma torosa 3 0.06 6.2 20 0.22 19.0 11(1) 0.12 11.4
Rostanga puZahra 0 0.0 3 0.03 3.6 0 0.0
SearZesia dira 0 0.0 2 0.02 2.4 0 0.0
TeguZa montereyi 12 0.25 16.7 9 0.10 7.1 13 0.14 12.5
TeguZa puZZigo 9 0.19 16.7 40 0.43 26.2 5 0.05 4.2
Tritonia festiva 0 0.0 1 0.01 1.2 1 0.01 1.0
Tr-~opha aataZinae 1 0.02 2.1 0 1 0.01 1.0
Triopha maauZata 0 0.0 3 0.03 2.4 0 0.0
PORIFERA
Leuaandra heathi 1 0.02 2.1 15 0.16 11.9 9(1) 9.50 7.3
LeuaiZZa nutting{ 9 0.19 6.2 58(2) 0.64 10.7 21 0.22 9.4
Tethya aurantia 3 0.06 6.2 6 0.06 6.0 4 0.04 4.2
SIPUNCULA
PhasaoZosoma agassizii 0 3 0.03 2.4 3 0.03 2.1
TOTAL QUADRATS 48 84 96
Appendix 6d. Summary of Data Collected for Quantified Invertebrates at 3O-m2
Random Subtidal Stations, North Control. DCPP. 1974-1977.
1974 1975 1976 1977
Total Mean Per % Freq. of
Observed Station Occurrence Sum it % Sum it % Sum it %
ARTHROPODA
Cancel' productus 1 0.07 7.1 1 0.04 4.2 4 0.17 13.0
I
Cryptolithoides sitchensis 1 0.04 4.2 9 0.38 25.0 21 0.88 43.5 ~~
N
Lo:X:Ol'hynchus cnspatus 6 0.25 16.7 12 0.50 25.0 9 0.38 21.7 I
Pugettia groCiUs 2 0.08 8.3 20 0.83 33.3
Pugettia producta 2 0.14 14.3 10 0.42 20.8 13(1) 0.56 37.5 4 0.17 13.0
Pugettia nchii 1 0.07 7.1 8 0.33 20.8 25 1.04 50.0 94 3.92 69.6
Scyro acutifrons 2 0.08 4.2 7 0.29 21.7
CHORDATA
Bol,unia TJ'illoea 1 0.07 7.1 40(2) 1.82 54.2 58 2.42 45.8 182 7.91 65.2
CNlDARIA
Anthopleura aJftem8eia 6 0.43 7.1 13 0.54 25.0 45 L88 37.5 123 5.35 52.2
Ha],campa decemtentaculata 4 0.17 12.5 (1)
( ,( ( (
( ( ( ( (
Teal.ia coriacea 3 0.12 12.5 4 0.17 8.7
Teal.ia craBsicornis 3 0.21 14.3 12 0.50 25.0 8 0.33 25.0 12 0.52 26.1
Teal.ia lofotensis 23 1.64 28.6 15 0.62 20.8 10 0.42 33.3 13 0.56 34.8
ECHINODERMATA
01'thasterias koehl.el'i 25 1. 78 42.8 13 0.54 29.2 27 1.12 37.5 10 0.43 21.7
Parastichopue cal.ifornicus 14 0.58 20.8 24 1.00 33.3 5 0.22 8.7
Parastichopue pawimensis 9 0.38 20.8 3 0.12 12.5 10 0.43 26.1
Parastichopue 8pp. 16 1.14 35.7
Pisaster brel1ispinus 3 0.21 14.3 4 0.17 8.3
Pisaster ochmceus 17 1.21 42.8 10 0.42 16.7 11 0.45 37.5 18 0.78 39.1 IC\
Strongy l.ocentrotus purpuratus 4 0.28 7.1 10 0.42 20.8 22 0.92 20.8 9 0.39
26.1 ..;:::.
w
I
Styl.asterias forrel'i 2 0.14 14.3 3 0.12 8.3 3 0.12 12.5 4 0.17 8.7
MOLLUSCA
Acanthodol'is br'U7mea 4 0.17
4.3
Aegires al.bopunctatus 3
0.13 8.7
Aeolidia papillata
1 0.04 4.3
Anisodol'is nobilis 6 0.43 14.3 17 0.71 50.0 33 1.38 62.5 33
1.43 52.2
Al'chidoris I'II?ntereytmlJis 2 0.14 14.3 8 0.33 20.8 11 0.46 33.3 3 0.13
8.7
ArohidoroiB odhMl'i 4 0.17 1.3
CadUna flavomacutata 2 0.08 8.3 8 0.35 17.4
.I
Cadlina luteomarginata 9 0.38 16.7 15 0.62 29.2 6 0.26 17.4
CadUna sparsa 2 0.08 4.2 1 0.04 4.3
Cemtostoma. spp. 5 0.21 16.7 21 0.88 29.2 20 0.87 34.8
coryphell.a fisheri 1 0.04 4.2 21 0.91 26.1
Cryptochiton stelleri 3 0.21 21.4 9 0.38 37.5 3 0.12 12.5 3 0.13 13.0
Dendronotus albus 3 0.13 13.0
Diaulula sandiegensis 1 0.07 7.1 3 0.12 12.5 24 1.00 45.8 15 0.65 43.4
DiodDm aspem 4 0.17 12.5 1 0.04 4.2 3 0.13 13.0
DiscodOris heathi 1 0.04 4.3
FlabelUnopsis iodinea 1 0.04 4.3
HaUotis kamtchatkana 1 0.07 7.1 5 0.21 8.3 1 0.04 4.2 1 0.04 4.3 I
HaUotis walaUensis 1 0.04 4.2
0"1
~
~
Hermissenda crassicornis 1 0.04 4.2 8 0.33 12.5 15 0.65 39.1
1
Hinnites multirugosus 4 0.28 14.3 1 0.04 4.2 14 0.58 33.3 25 1.09 43.4
Hopkinsia rosacea 2 0.14 14.3 6 0.25 16.7 2 0.08 8.3 79(1) 3.43 63.6
LaUa cookerelli 5 0.21 12.5 2 0.09
8.7
Megathum crenulata
Mitra ida 1 0.07 7.1 28 1.17 41.7 52 2.17 58.3 69 3.00
82.6
Phidiana nigra 2 0.08 8.3 4 0.17 8.3 13 0.56
21.7
Triopha cata'Linae 7 0.50 14.3 11 0.46 29.2 5 0.21 16.7 4 0.17 17.4
Triopha I7tIculata 1 0.04 4.2
PORIFERA
TetiUa arb 1 0.04 4.2 10 0.43 17.4
TOTAL STATIONS 14 24 24 23
( ) • Number of Stations Where Counts Were Not Made.
( ,( ( (
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Appendix 7a. Frequency of Occurrence of Non-quantified Invertebrates Observed at
3Q-m2 Random Subtidal Stations, Diablo Cove. DCPP, 1974-1977.
Species 1974 1975 1976 1977
ANNELIDIA
Diopatra sp. 7.1 16.7 54.2 58.3
EudistyU,a poLymorpha 42.8 58.3 58.3 66.7
Myxico La sp. 25.0
Pista sp. 21.4 8.3 66.7
SaLl7r1aina tribranchiata 12.5
SerpuLa vermiau~s 4.2
-
SerpuUdae 14.2 45.8 54.2 70.8
Terebe LUdae 7.1 12.5 4.2 25.0
ARTHROPODA
BaLanus spp. 4.2 8.3 37.5
BaLanus gLanduLa 8.3 4.2
BaLanus nubil.us 12.5
Lebbeus Lagunae 4.2
Lophopanopeus be Hus 8.3
MimuLus foUatus 8.3 4.2
Pagurus spp. 50.0 16.7 54.2 66.7
PandaLus gUI'Yleyi 7.1 4.2 8.3
PetroListhea ainatipea
TetraaUta sp. 4.2
CHORDATA
Apl.idium sp. 4.2 4.2
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Archidistoma sp. 4.2
C~velina huntsmani 8.2 16.7 37.5
Cnemidocarpa finmarkiensis 21.4 41. 7 25.0 33.3
Pyw:oa haustor 4.2 12.5 50.0
Stye~ gibbsi 8.3 8.3
Trididerm'lum opacum 12.5
ClUDARIA
Aglaophenia sp. 12.5 12.5 25.0
AlZopoI'a californica 4.2
AlZopoI'a porphyra 4.2 12.5
BaZanophyllia elegans 78.6 66.7 75.0 91. 7
Cactosorra arenaria 8.3 ,0.8
Corynactis californica 14.3 12.5 25.0 29.2
Epiactis proUfeI'a 50.0 62".5
~
33.3 66.7
Pachycerianthus firribriatus 4.2
Paracyathus stearnsii 14.3 25.0 8.3 12.5
TubuZaria sp. 7.1
ECHINODERMATA
Cucumaria miniata 7.1 20.8 16.7 29.2
Cucumaria sp. 29.2
Eupentacta quinquesemita 7.1 33.3 25.0 25.0
Leptasterias aequaUs 14.2 37.5 62.5 58.3
Ophiopwcus esmarki 41.7 16.7
ECTOPROCTA
Barentsia sp. 12.S
Crisia sp. 20.8
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Diaperoecia oaZifomica 7.1 16.7 8.3 8.3
Eur~stomeZZa bi~iata 4.2
FZustreZza comicuZata 4.2
Heteropora magna 8.3
BippodipZosia inscuZpta 7.1 4.2 4.2
PhidoZopora pacifica 14.2 4.2 16.7
MOLLUSCA
Acmaea mitra 33.3 66.7 70.8
Amphissa sp. 8.3 12.5
AncuZa pacifica 4.2
Bittium sp. 4.2 4.2
CaHiostoma annuaZtum 7.1 4.2 8.3 4.2
CaZZiostoma canaZicuzatum 14.3 4.2 8.3
CaZZiostoma Zigatum 12.5 41.7 75.0
CaZZiostoma sp. 7.1 20.8
Conus califomicus 4.2 4.2
Epi tonium tinctum 4.2 8.3
FissureZZa voZcano 8.3
BomaZopoma Zuridum 4.2 33.3 66.7
Lacuna sp. 4.2
MopaZia sp. 12.5
Ocenebra sp. 4.2 25.0
OZiveZZa bipZicata
PetaZoconchus montereyensis 12.5
PhoZads 25.0
POdodeSTT1US cepio 4.2 4.2
Pseudomezatoma torosa 16.7
Rostanga pu'Lch:ro 4.2
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SerpuZ.orbis squarnigerue 45.8 58.3 83.3
TeguZ.a brunnea 35.7 33.3 83.3 83.3
TeguZ.a montereyi 16.7 26.8 33.3
TeguZ-a puz.z.igo 29.2 62.5
TetraoUta 7.1
ToniaeZ.Z.a Z.ineata 42.8 83.3 79.2 66.7
Zirfaea pi z.sbryi 7.1
PORIFERA
Aoarnus erithaous 4.2
Hymenanphiastra ayanoorypta 4.2
Leuoandra heathi 50.0 50.0
Leuoi z."La nuttingi 21.4 20.8 58.3 70.8
Leucosol.enia sp. 8.3 ~
TOTAL STATIONS 14 24 24 24
-
--
-649-
Appendix 7b. Frequency of Occurrence of Non-quantlfl~ Invertebrates Observed at
3Q-m2 Random Subtidal Stations, North Control. DCPP, 1974-1977.
Species 1974 1975 1976 1977
ANNELIDLA
Aphrodite sp. 4.2
Chaetopterua 1'aropedatus 8.7
Diopatra sp. 4.2 41.7 52.2
Eudistylia polymorpha 21.4 33.3 79.2 69.6
Myxiaola sp. 4.2 34.8
Phragmatopoma aaliforniaa 26.1
Pista sp. 8.3 37.5 87.0
Salmacina tribranahiata 8.3 21.7
Serpula vermiaularis
Serpulidae 37.5 54.2 78.3
Terebe llidae 20.8 30.4
ARTHROPODA
Balanus spp. 7.1 8.3 16.7 52.2
Balanus nubilus 8.7
Balanus tintinnabulum 4.2
Heptaaarpus brevirostris 4.3
Lebbeus lagunae 4.3
Lophopanopeus be Hus 13.0
Mimulus foUatus 8.3 13.0
Paguru8 spp. 50.0 20.8 70.8 87.0
Pandalus gurneyi 7.1 8.7
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PetroZisthes ainctipes 13.0
PhyZZoZithodes papiZZosus 4.2
Spi1'Ontoaaris prionota 4.3
Xan thias tay rori 4.3
.~
CHORDATA
ApZidiwn sp. 12.5
Arahidistoma spp. 4.2
Ciona intestinaZis 4.2
CZaveZina huntsmani 4.2 4.2 4.3
Cnemidoaarpa fiwrarkiensis 12.5 16.7 30.4
Mogul.a ~p. 4.3
FynnokZaveZZa stanZeyi 4.2
FyUI'a haustor 4.2 8.3 69.6
StyeZa gibbsi 4.3
Trididemnum opaawn 20.8
CNIDARIA
Abeitinaria sp. 4.3
AgZaophenia sp. 7.1 12.5 33.3 39.1
AHopora sp. 12.5
AHopoI'a aaZiforniaa 7.1 4.2
AUoporo porphyro 7.1 8.3 4.2
BaZanophyZZia eZegans 78.5 87.5 87.5 91.3
Caatosoma arenaria 17.4 -8.3
Corynactis caZifornica 35.7 12.5 20.8 21.7
Epiactis pI'oZifero 21.4 50.0 75.0 87.0
Pachycerianthus fimbriatus
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Paracyathus stearnsii 14.3 29.2 29.2 17.4
Tubu7..aria sp. 4.3
ECHINODERMATA
Cuawnaria sp. 60.7
Cucumaria miniata 21.4 20.8 29.2 17.4
EUpentacta quinqussemita 7.1 33.3 41.7 60.9
Leptasterias aequa"Lis 28.6 75.0 75.0 78.3
Lissothuria nutriens 4.2 8.7
Ophiop~cus esmarki 4.2 41.7 52.2
Ophiothrix spicutata 4.2 26.1
Psotus chitonoides 4.2
ECTOPROCTA
Barentsia sp. 4.3
Ce t !Bpororia brunnea 4.2
Crisia sp. 8.3 21.7
Diaperoecia ca"Lifornica 7.1 8.3 12.5 17.4
Eur~stometLa bitabiata 12.5
FZustreZta cornicutata 7.1 4.2
Heteropora magna
HippodipZosia inscuZpta 8.3 25.0
Phidotoporo pacifica 28.6 16.7 12.5 13.0
MOLLUSCA
Acmaea mi tra 7.1 50.0 62.5 82.6
Atdisa sanquinea 4.2
Amphissa sp. 8.3 4.2 47.8
CaHiostoma sp. 14.3 8.3
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Calliostoma annulatum 14.3 8.3 16.7 34.8
Calliostoma canaliculatum 8.3 21. 7
Calliostoma ligatum 66.7 83.3 87.0
Calliostoma gloriosum 8.7
Chama pellucida 4.3
Conus californicus 8.3 21. 7
Epi tonium tinctwn 4.2 4.3
Fissurella volcano 8.3 8.7
Fusinus sp. 4.2 13.0
Bomalopoma luridum 45.8 78.3
Ischnochiton regularis 4.3
Lepidoaona mertensii 4.3
Megatebennus bimaculatus 8.7
Mitrella sp. ~17.4
Mopalia spp. 8.3 21. 7
Ocenebro spp. 16.7 78.2
Petaloconchus montereyensis 13.0
Pholad.B 8.3 13.0
Placophore lla velata 4.3
Pododesmus cerio 7.1 4.2 8.3 26.1
Pseudomelatoma torosa 25.0 43.5
Rostanga pulchm 4.3
Searlsia dim 4.3
-Serpulorbis aquamigerus 50.0 75.0 82.6
TeguZa brunnea 57.1 58.3 75.0 91.3
TeguZa montereyi 29.1 25.0 21. 7
TeguZa pulligo 20.8 78.3
TonicelZa lineata 64.3 83.3 83.3 100.0
-653-
PLATYHELMINTHES
'-' Hop~opana caLifornica 4.2
PORIFERA
Acarnus erithacus 4.2 8.3
Hymenanphiastra cyanocrypta 13.0
Leucandra heathi 70.8 65.2
Leucil~a nuttingi 16.7 41.7 52.2
Leucoso~enia sp. 4.2 21. 7
Po~ymastia pachymaatia 4.2 4.2
Spheciospongia confoederata 4.2
-- Toxadocia sp. 4.2
TOTAL STATIONS 14 24 24 23
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Appendix 7c. Frequency of Occurrence of Non-quantified Invertebrates at Random
0.25-m2 Subtidal Stations, Diablo Cove and North Control. DCPP.
1975-1978.
Diablo Cove North Control
1975 1976 1977 1978 1976 1977 1978 ,,.,
ANNELIDA
Phragmatopoma californiea 0.0 0.0 5.2 5.2 2.1 10.7 5.2
Sabe1lidae 0.0 0.0 0.0 0.0 8.3 2.4 0.0
Salmaeina tribranehiata 0.0 2.1 2.1 0.0 0.0 1.2 C.O
Serpu1idae 40.6 20.8 25.0 8.3 12.5 16.7 8.3
Terebellidae 12.5 10.4 3.1 0.0 2.1 8.3 0.0
ARTHROPODA
Balanus spp. 25.0 10.4 28.1 9.4 10.4 27.4 9.4
Pagurus spp. 21.9 35.4 37.5 36.4 25.0 59.5 3.1
CHORDATA
Ap1idium sp. 0.0 0.0 2.1 2.1 2.1 0.0 2.1
Didemnum sp. 0.0 0.0 1.0 0.0 0.0 0.0 0.0
Trididemnum opacum 0.0 2.1 0.0 1.0 0.0 0.0 1.0
CNIDARIA
Aglaophenia sp. 3.1 2.1 10.4 15.6 4.2 10.1 15.6
A11opora porphyra 3.1 0.0 0.0 0.0 0.0 0.0 0.0
ECTOPROCTA
Eurystomella bilabiata 0.0 0.0 5.2 1.0 14.6 3.6 0.0
Crisia sp. 0.0 0.0 14.6 O.C 0.0 9.5 25.0
MOLLUSCA
Arnphissa sp. 0.0 18.8 38.5 30.2 12.5 46.4 30.2
Bittium sp. 0.0 0.0 3.1 0.0 0.0 2.4 0.0
-
Mitrella Bp. 0.0 8.3 11.4 14.6 2.1 11 .9 14.6
Pcta1ochonchus montereyensis 0.0 0.0 14.6 27.1 0.0 28.8 27.1
Pholididae 43.8 50.0 52.1 0.0 18.8 38.1 10.4
PORIFERA
Leucosolenia Bp. 0.0 0.0 1.0 0.0 0.0 3.6 0.0
TOTAL QUADRATS 32 48 96 96 48 84 96
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APPENDIX 8b. Numbers or Estimates of Abundance of Brown Algae and Invertebrates Observed at Permanent Subtidal
Station 6, Field's Cove. DCPP, 1974-1978.
YEAR 1974 1974 1975 1975 1976 1976 1977 1978 1978
Species MONTH JULY OCT JULY NOV MAR OCT APR JUN DEC
--
PHAEOPHYTA
Cystoselra osmundacea 2 Sc 19 24 22 21 Sc Sc C
Desmarestla sp. P Sc C C 0 Sc 0 Sc C
Dlctyoneurum callfornlcum P 0 C C C C Sc Sc C
Lamlnarla dentlgera 20 6 27 17 22 29 24 39 43
Macrocystls pyrlfera 0 0 0 0 0 0 0 1 3
Nereocystls luetkeana 72 44 7 3 1 0 0 7 3
Pterygophora ca I I for_nJ ca 31 43 114 104 163 79 97 133 161 I0'\
Ul
Ul
ANNELIDA I
Dlopatra sp. 0 0 0 C A 0 Sc C 0
Dodecacerla fewkesl 0 0 0 0 0 0 0 Sc 0
EUdlstylla polymorpha 0 0 0 Sc C C C Sc 3
~sp. 0 0 0 0 0 0 C Sc Sc
Serpulldae 0 C 0 0 0 0 Sc C Sc
Terebel I Idae 0 0 0 0 0 Sc 0 0 0
ARTfROPODA
Cancer antennarlus 1 0 1 0 4 1 6 0 1
Loxorhynchus crlspatus 0 2 0 0 0 2 1 0 0
Pandalus gurney I 0 2 0 0 0 0 1 0 0
Pugettla producta 1 0 0 0 1 0 0 0 0
COELENTERATA
Aglaophenla sp. a a a a a Sc Sc a a
Allopora porhyra a a a P a Sc a a a
Anthopleura artemisia 0 Sc 0 1 a a 0 2 1
Anthopleura xanthogrammlca 1 2 a 0 0 a 2 1 3
Astrangla lajollanensls a 0 0 a a 0 0 Sc Sc
Balanophyilia elegans C Sc a A A C C C A
Coenocyathus sp. a 0 a 0 0 0 0 0 Sc
Corynactls callfornlca C Sc C C C C C A A
Eplactls prollfera 0 0 0 0 0 0 0 Sc 0
Paracyathus stearns I I C Sc Sc A C C C Sc 0
Tealla crasslcornls 1 2 3 1 1 1 0 2 2
Tealla lofotensls 0 0 4 1 3 4 4 5 3
UnIdentified solitary coral 0 0 0 0 0 S 0 0 0
ECHINODERMATA I
Cucumarla mlnlata 0 0
0'\
6 0 4 0 4 C 2 U1
Cucumarla sp. 0 0 0 0 0
0'\
0 0 0 Sc I
Eupentacta qulnquesemlta 0 0 0 0 0 0 0 Sc 1
Henrlcla levlvscula 0 0 1 0 0 0 1 1 0
Leptasterlas hexactls 0 0 0 0 0 3 0 C 0
Ophloplocus esmarkl 0 0 0 0 0 1 0 0 0
Orthasterlas koehlerl 5 8 2 6 6 1 5 3 7
Parastlchopus cal Iforn Icus 0 0 8 1 10 1 19 17 0
Parastlchopus parvlmensls 0 0 5 0 9 0 1 4 4
Parastlchopus sPp. 4 3 0 0 0 0 0 0 0
Patlrla mlnlata 211 176 151 221 212 90 149 166 158
Pisaster brevlsplnus 5 4 3 5 6 10 1 0 0
Pisaster glganteus 13 8 10 5 11 12 13 19 26
Plsaster ochraceous 2 3 4 2 3 3 3 1 7
Pycnopodla hellantholdes 0 3 1 1 3 0 0 0 0
Strongylocentrotus franclscanus 78 40 40 36 37 32 27 1 6
Strongylocentrotus purpuratus 2 4 4 4 3 1 6 0 0
Strongylocentrotus sp. 0 0 0 0 0 0 0 8 0
Stylasterlas forrerl 0 2 0 0 2 1 5 4 0
( ( ( <.
( ( ( ( (
ECTOPROCTA
Celleporaria brunnea a a a a a Sc a 0
0
~sp. 0 0 0 0 a 0
0 C a
Dlaperoecla callfornlca Sc 0 0 Sc a Sc 0 0
a
Heteropora magna a 0 0 a a Sc 0
Sc 0
Phldolopora ~aclflca C Sc 0 Sc Sc Sc C
Sc a
MOLLUSCA
~~ 0 0 0 0 0 C 0
0 0
Aeglres albopunctatus a 0 0 0 a a 1 a
0
Anlsodorls nobilis a 0 1 0 4 2 0 1
1
Archldorls montereyensls 0 2 0 1 0 3 0 1
0
Astraea glbberosa 0 1 0 1 a 0 0 0
0
Cadi Ina flavomaculata 0 0 0 0 0 0 0 1
0
Cadi Ina luteomarglnata 0 a 1 0 0 0 0 0
0
Cal I lostoma annulatum 0 Sc 5 0 Sc C 5
Sc 1
Ca I I lostoma I Igatum 0 0 0 0 Sc C C Sc
0
I
~
Caillostoma sp. 1 0 0 0 0 0 0
0 0
U1
-J
Ceratostoma follatum 0 1 0 0 0 0 0 0
0
I
Coryphella flsherl 0 0 0 0 0 0 1
0 0
Cryptochlton stellerl 0 1 0 0 0 0 0 0
0
Discodoris sandlegensls 1 2 1 2 2 6 3 0
2
Dorlopsilia albopunctata 2 8 6 1 10 11 15 17
3
Flabeilinopsis lodlnea 0 0 0 0 0 0 3 0
2
Hallotls kamtschatkana 0 0 1 0 0 0 0 0
0
Hallotls rufescens 0 1 0 0 0 0 0
1 0
Hermlssenda crasslcornls 0 1 0 0 0 0 0 1
0
Hlnnltes multlrugosus 0 1 0 0 4 3 8 1
3
Hopklnsla rosacea 0 0 0 0 0 0 2 0
0
Mitra Idae 5 1 3 3 10 8 11
5 7
----Ocenebra sp. a 0 0 0 0 0 7 1
1
Phldlana nigra 3 a 6 0 a 0 0
0 0
Serpulorbls squamlgerus 0 Sc C C C C C C
C
~ brunnea 0 0 0 0 Sc 0 0 Sc
C
Tegula montereyl 0 2 0 0 0 0 0
Sc 0
Tegula sp. 1 0 0 0 0 0 0
0 0
Tonlcella Iineata P Sc 31 0 3 C 0 Sc C
Trlopha catallnae 0 0 3 1 0 2 0 0 0
unidentified nudlbranch 0 P 0 0 0 0 0 0 0
un Identl fl ed phol ad 0 0 0 0 0 0 0 0 Sc
PORIFERA
Hymenamphlastra cyanocrypta 0 0 0 0 0 0 0 0 Sc
Leucandra heathl 0 0 0 0 0 Sc 0 Sc Sc
Leucilia nuttlngl 0 Sc 0 0 0 Sc C Sc C
Speclospongla confoederata 0 0 0 P 0 0 0 0 0
Tethya aurantla 3 2 0 4 4 0 6 1 1
Unidentified sponge 1 P 0 0 0 0 0 0 0
UROCHORDATA
Boltenla villosa 0 0 1 2 4 Sc 1 Sc 0
Cnemldocarpa flnmarkiensls 0 1 0 0 0 0 0 0 0 I
Pyura haustor 0 0 0 0 0 Sc 8 Sc 0
0"1
Ul
Styela montereyensls 4 7 7 18 32 29 8 13 7
CO
I
Un Identified tun Icate 0 0 0 0 Sc 0 0 0 0
A = Abundant C = Common
(
P = Present
<.
Sc = Scarce
( (
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Appendix 8a. Numbers or Estimates of Abundance of Brown Algae and Invertebrates Observed
at Permanent Subtidal Station 1, Diablo Cove. DCPP, 1977-1978.
YEAR 1977 1978
SPECIES MONTH DEC JUNE
PHAEOPHYTA
Cyl> tel> eVr.a. °l>mundacea. 2 0
DumaJt.uUo. ap. 0 C
I
D.i.c.tyoneUllOm c.ai..i.6OJrn..ic.um Sc C C"I(.;1
~
Lam.&t.aM..o. de.n.ti.gvr.a 176 197 I
NVl.eocYl>W ieu.tk.ea.na 6 111
PtVt09YphoIrA. c.ai..i.6oJtn.i..c.a 19 21
ANNELIDA
Et.J.dU,tyi..ia poiymollpha. C Sc
SVtpuLi.da.e Sc 0
ARTHROPODA
BalanUl> nub..itUl> C 0
BalanUl> sp. A Sc
CancVl. ante.rmevUu6 2 0
ScylrA. ac.uU6!WnJ> 2 0
Appendix 8a. (continued)
YEAR 1977 1978
SPECIES MONTH DEC JUNE
ARTHROPODA (continued)
UrUdeJtti6ied ~hM.mp 1 0
COLENTERATA I
Cl'
Agl.a.ophe.n..ia. sp. 0 Sc Cl'0
I
AUopOIUl c.aU60W.C4 6 0
All.opolUl sp. 0 9
An-thopl.WIU1 aJt.temi..6.<A. 5 0
Ba1.anophljUio. el.egan6 C Sc
COIlynac..t.W c.aU60W.C4 A A
Ep.<A.di6 plWli6e!Ul Sc SC
PaJLa.C.ya.:t:Jw4 ~.te.a.JlM.u. Sc 0
Tea.U.a CJUU~.Lco~ 0 1
Tea.U.a l.o6o.ten.c~ 25 17
ECHINODERMATA
Cue.tlJlKVL.i.o. rn.i..tUa..ta 1 Sc
( ( ( ( (
(Appendix ea.
(
(continued)
( ( (
YEAR 1977 1978
SPECIES IDNTH DEC JUNE
ECHINODERMATA (continued)
HenJL.i.cia lev.uu. c.ula 16 3
LeptaAt~ spp. C 0
OphA.othJwx ~p.i.c.u.l.ata 0 ISc C"I
0"\
O!LtJuu,t~ fwehleJU 4 5 f-'I
Pa..tVUa. mUt..ia.ta 108 77
PiMU,tvr. gigantetU> 55 90
P~iUltVt oc.hJLa.ceotU> 18 50
P~iUltvr. sp. 13 0
PYC1l0POrUa. hetW.n:tJw.i.du 4 4
StJwngylocen.tJwttU> 6JtanweantU> 142 36
StJwng ylocentJr..ottU> puJtpWUltUl> 11 4
StyliUlt~ 60JUteJU 1 0
ECTOPROCTA
CllM.ia sp. C 0
V.iapvr.oecia ca..U6otr.¥U.ca C 0
Appendix 8a. (continued)
YEAR 1977 1978
SPECIES MONTH DEC JUNE
ECTOPROCTA (continued)
Fl.uA:tJr.£ll..a. c.oJtn.i.c.uia..ta Sc 0
lUppocUplo6..ia. .uu.c.uipta. Sc 0
I
0"1
M:>LLUSCA 0"1t-,)
I
AnA..6odow Ylob.i.LW 7 0
Ca.dUn.a bpaJL6a 3 0
Cacl.t<.na lu.te.oma/I.ghta..ta 1 0
Ca.tt.i..o6.toma annula.tom Sc Sc
Ca.tt.i..o6.torrla -Uga.tum C Sc
Ca.tt.i..o6,:Cma e.arta.Uc.uta.t.wn Sc 0
Vowp.:,if le. albu.punc..ta.ta 34 3
Ve.ndMYlotuA spP. 1 0
V.u. COdow hea..tJU. 2 0
HirrJUte.4 rnu1..UJr.u.go6 uA 27 Sc
Podode.4muA c.e.pio 0 Sc
Tonic.ella iirte.a..ta Sc C
( ( ( ( <.
(Appendix Sa.
(
(continued)
( ( (
YEAR 1977 1978
SPECIES MONTH DEC JUNE
MOLLUSCA (continued)
TJL<.O pha. ca.ta.Unae 4 0
PORIFERA IC'
C'
Leucandlta he.a-tJU C 0 WI
Leu.UUa nlLUi..ng,{. C Sc
TeVtya auJLan.:t<..a c.a..U6o!liUc.D. 1 3
UROCHORDATA
ApucUUJn S p • 0 A
BoUe.n1,a villo-6a Sc 0
PyWUl Iw.u.M:olt. 3 0
St.yela monteJt.eyeJ'L6-u' 7 4
A = Abundance C - Common P • Present Sc = Scarce
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APPENDIX 8a. Numbers or Estimates of Abundance of Brown Alage and Invertebrates
Observed at Permanent Subtidal Station 1, Diablo Cove. DCPP,
1977-1978.
SPEC IES
YEAR
MONTH
1977
DEC
1978
JUNE
PHAEOPHYTA
Cystoselra osmundacea
Desmarestla sp.
Dlctyoneurum cal Iforn Icum
Lamlnarla dentlgera
Nereocystls luetkeana
Pterygophora callfornlca
ANNEL IDA
EUdlstylia polymorpha
Serpulldae
ART~OPODA
Balanus nubl Ius
Balanus sp.
Cancer antennarlus
Scyra acutlfrons
Unidentified shrimp
COELENTERATA
Aglaophenla sp.
Allopora cal Ifornlca
Allopora sp.
Anthopleura artemisia
Balanophyilia elegans
Corynactls callfornlca
Eplactls prollfera
Paracyathus stearnsli
Tealla crasslcornls
Tealla lofotensls
Ea-t INOOERMATA
Cucumarla mlnlata
Henrlcla levlvscula
Leptasterlas spp.
Ophlthrlx splculata
Orthasterlas koehlerl
Patlrla ml nIata
Pisaster glganteus
Pisaster ochraceous
Pisaster sp.
2 0
0 C
Sc C
176 197
6 111
19 21
C Sc
Sc 0
C 0
A Sc
2 0
2 0
1 0
0 Sc
6 0
0 9
5 0
C Sc
A A
Sc Sc
Sc 0
0 1
25 17
1 Sc
16 3
C 0
Sc 0
4 5
108 77
55 90
18 50
13 0
-665-
Pycnopodla hellantholdes 4 4
Strongylocentrotus franclscanus 142 36
Strongylocentrotus purpuratus 11 4
Stylasterlas forrerl 1 0
ECTOPROCTA
Crlsla sp. C 0
Dlaperoecla callfornlca C 0
Flustrella cornlculata Sc 0
Hlppodlplosla Insculpta Sc 0
MOLLUSCA
Anlsodorls nobilis 7 0
Cadi Ina sparsa 3 0
Cadi Ina luteomarglnata 1 0
Caillostoma annulatum Sc Sc
Caillostoma Ilgatum C Sc
Cal Ilostoma canallculatum Sc 0
Dorlopsilia albopunctata 34 3
Dendronotus spp. 1 0
Discodoris heath I 2 0
Hlnnltes multlrugosus 27 Sc
Pododesmus ceplo 0 Sc
Tonlcella Iineate Sc C
Trlopha cetllnee 4 0
PORIFERA
Leucandre heathl C 0
Leucilia nuttlngl C Sc
Tethye aurentle 1 3
UROCHORDATA
Aplldlum sp. a A
80 Iten Ia v I I losa Sc 0
Pyura heustor 3 0
Styela montereyensls 7 4
-
A Abundant C = Common P Present Sc Scarce
Appendix 8b. Numbers or Estimates of Abundance of Brown Algae and Invertebrates Observed
at Permanent Subtidal Station 6, Diablo Cove. DCPP, 1977-1978.
YEAR 1974 1974 1975 1975 1976 1976 1977 1978 1978
SPECIES MONTH JULY OCT JULY NOV MAR OCT APR JUN DEC
PHAEOPHYTA
Cy!>:t.o!>eA.Aa. oMwldacea. 2 Sc 19 24 22 21 Sc Sc C
Ve!> rIU/le.!>W Ugui.a.:t.a. P Sc C C 0 Sc 0 Sc C
o.[ayonewwm Ca.U60Jut.iCW1l P 0 C C C C Sc Sc C I0"1
Lam.Uta.JUa den:t..[ge.Jtil
C'\
20 6 27 17 22 29 24 39 43 C'\I
Mo.cJtocy!>w pyJL.i6e.Jtil 0 0 0 0 0 0 0 1 3
NeJleoc.y!>W luetkeana. 72 44 7 3 1 0 0 7 3
P:t.eJltjgopho!li1 ca.U6oJut.ica. 31 43 114 104 163 79 97 133 161
ANNELIDA
0.[0pa.:t.!li1 s p • 0 0 0 C A 0 Sc C 0
Vodeca.cvUa 6e.wku.[ 0 0 0 0 0 0 0 Sc 0
E~:t.!/.ua. polymo!l.pha. 0 0 0 Sc C C C Sc 3
P.i.!>ta. sp. 0 0 0 0 0 0 C Sc Sc
SeIl.puUdae 0 C 0 0 0 0 Sc C Sc
TeJlebe.e..uda.e 0 0 0 0 0 Sc 0 0 0
( ( (
(
( (
Appendix 8b. (continued)
( ( (
YEAR 1974 1974 1975 1975 1976 1976 1977 1978 1978
SPECIES KlNTH JULY OCT JULY NOV MAR OCT APR JUN DEC
--
ARTHROPODA
CanceJl antenniVUu.h 1 a 1 a 4 1 6 a 1
Lo x.oJthtjY!cJuu, eJLU,~ a 2 a a 0 2 1 a 0
Pandalu6 guJtney.{. a 2 0 a 0 0 1 0 0 I0"1
Puge.t.ti.a pJtOducta. 1 0 0 a 1 0 0 0 0
C'I
-...J
I
COELENTERATA
Agla.ophe.n.ia. sp. 0 a 0 0 0 Sc Sc a 0
AUo poJta. pO.1!phyJta. a a 0 P 0 Sc a 0 0
Anthoplewut iVttrz.m,U,-W. a Sc 0 1 0 0 0 2 1
Anthoplewut x.anthogJr..aJrrm.iCA. 1 2 0 a 0 0 2 1 3
AhtJr.ang-W. !a.joUane.n..o.u. a a 0 0 0 0 a Sc Sc
BaianophyU-W. degaM C Sc 0 A A C C C A
Coenocyathuh sp. a 0 0 0 0 0 0 0 Sc
CoJttjY!Cl.Ct.U> CA.U6oJuUCA. C Sc C C C C C A A
Ep.i.a.c;tU, pJtOU6eJta. 0 0 0 0 a 0 0 Sc 0
Pa.Jlilcya..thU6 ~ te.aJu'J.4-U C Sc Sc A C C C Sc 0
Appendix ab. (continued)
YEAR 1974 1974 1975 1975 1976 1976 1977 1978 1978
SPECIES MONTH JULy OCT JULy NOV MAR OCT APR JUN DEC
COELENTERATA (continued)
Te.a.Ua CJl.iU~,[C.o.!l.J'U.6 1 2 3 1 1 1 a 2 2
Te.a.Ua 106oteJ'Ul~ a a 4 1 3 4 4 5 3
I
wU.dent.i.6,[ed ~oWtvuj c.oJta1. a a a a a S a 0 a 0"1C'\
co
I
ECHINODERMATA
CLLc.LUII/I.IU.a rn.iJUa..ta a a 6 a 4 a 4 C 2
Cu.c.urnaJUo. sp. a a a 0 0 a a Sc a
Eupmta.cta. qtWtq~eJn.i..ta. a a a a a a a Sc 1
HeNUe.ta .e.ev,[v~cula a a 1 a a a 1 1 a
Lep.ta.6teJLial, hexa.~ a a a a 0 3 a C a
Oph.<.op.e.o~ ~maJl1U. a a 0 a a 1 a a a
04thaJ,teJLial, koeh.teJLi.. 5 8 2 6 6 1 5 3 7
P0Jr.a.6tic.hopu.6 c.a.U6oJr1l.i~ 0 0 8 1 10 1 19 17 0
P0Jr.a.6tic.hopu.6 PMv.<meJ'Ul~ 0 a 5 0 9 0 1 4 4
P0Jr.a.6Uc.hopu.6 spp. 4 3 0 0 0 0 0 0 0
Pa.tJUa rn.iJUa..ta 211 176 151 221 212 90 149 166 158
( ( ( ( (
( (
Appendix 8b. (continued)
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YEAR 1974 1974 1975 1975 1976 1976 1977 1978 1978
SPECIES KlNTH JULY OCT JULY NOV MAR OCT APR JUN DEC
ECHINODERMATA (continued)
P,u,IU.teJt bltev,u,p.Uuu, 5 4 3 5 6 10 1 0 0
p,u,1U.teJt g.i.ga.n.teUl> 13 8 10 5 11 12 13 19 26
P,u,1U.teJt 0c.hJr.a.c.eoUl> 2 3 4 2 3 3 3 1 7 I
C'I
Pyc.nopodi.a. he..Uan:tho-ULeA 0 3 1 1 3 0 0 0 0 C'I\.::>
I
S.tJtongy.toce.ntJw.tUl> 6Jta,ne..u.c.anUl> 78 40 40 36 37 32 27 1 6
S.tJtong y.to cen.tJtO.tUl> pWlpwr.a.tu6 2 4 4 4 3 1 6 0 0
S.tJtongy.toce.ntJw.tUl> sp. 0 0 0 0 0 0 0 8 0
S.tyW.tvWu, 60ltltvU 0 2 0 0 2 1 5 4 0
ECTOPROCTA
CeUepoJr.aJUo. bJtWtnea. 0 0 0 0 0 Sc 0 0 0
CJt.<.6.w. sp. 0 0 0 0 0 0 0 C 0
V.w.peJtO ec.<.a ca.U60Jr.YUCil Sc 0 0 Sc 0 Sc 0 0 0
He.teJtOpoM. magna. 0 0 0 0 0 Sc 0 Sc 0
PlUdo.topOM. pari.MCil C Sc 0 Sc Sc Sc C Sc 0
MOLLUSCA
Ac.ma.ea m.UJta. 0 0 0 0 0 C 0 0 0
Appendix Sb. (continued)
YEAR 1974 1974 1975 1975 1976 1976 1977 1978 1978
SPECIES MONTH JULY OCT JULY NOV MAR OCT APR JON DEC
MOLLUSCA (continued)
Aeg~e6 albopun~ 0 0 0 0 0 0 1 0 0
AnJ..,t, ado IUJ:, nobil.L6 0 0 1 0 4 2 0 1 1
AltcJUdolUJ:, molt.t:eJteyeyt,6-u' 0 2 0 1 0 3 0 1 0 I
0"\
MtJta.eo. g'<'bbeJto.6a 0 1 0 1 0 0 0 0 0
-.]
0
I
CadUn.a 6.lttvoma.cue.a.ta 0 0 0 0 0 0 0 1 0
CadUn.a Meomaltg.ina.ta. 0 0 1 0 0 0 0 0 0
CaLUo.6toma. aJ11lu.ta.twn 0 Sc 5 0 Sc C 5 Sc 1
Ca.UUJ.6toma. tiga..twn 0 0 0 0 Sc C C Sc 0
CaLUo.6.toma. sp. 1 0 0 0 0 0 0 0 0
CeJta..tO.6toma. 6otia.tu.m 0 1 0 0 0 0 0 0 0
COlUJPheUa n.u,heJt.<. 0 0 0 0 0 0 1 0 0
CJuJptocJU.ton .6.te.UeM. 0 1 0 0 0 0 0 0 0
V-U. codow .6and.<.eg e.n1>-U. 1 2 1 2 2 6 3 0 2
VoJUop.6illa. albopunctata. 2 8 6 1 10 11 15 17 3
FlabeUi.nap.6-U. .<.0cUneo. 0 0 0 0 0 0 3 0 2
Hal.<.oW fUlmt.6 dta..tk.a.na. 0 0 1 0 0 0 0 0 0
( ( ( <.
( (
Appendix 8b. (continued)
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YEAR 1974 1974 1975 1975 1976 1976 1977 1978 1978
SPECIES MONTH JULy OCT JULY NOV MAR OCT API. JUN DEC
MDLLUSACA (continued)
Ha.t.i.ow JuL6uc~ 0 1 0 0 Q 0
Q 1 0
He.JUn.<.b~enda cJut6~.icollJt.w 0 1 0 0 0 0 0
1 0
H-i.nn.Uu IfII.ll.UJu.LgM U1> 0 1 0 0 4 3 8 1 3 I0'\
Hop/Un.6.ia. JtO~a.c.ea 0 0 0 0 0 0 2 0 0
-.l
......
I
t.t.Wut .ida 5 1 3 3 10 8 11 5 7
Ocenebrut sp. 0 0 0 0 0 7 1 1
Ph.id.i.ana MgILa. 3 0 6 0 0 0 0 0 0
SVl.pUi.O!tb~ ~qua.m.<.g~ 0 Sc C C C C C C C
Tegula. oltWtnea 0 0 0 0 Sc 0 0 Sc C
Tegula. mont~ey.i 0 2 0 0 0 0 0 Sc 0
Tegula. sp. 1 0 0 0 0 0 0 0 0
To n.<.c.e-Ua .unea..ta. p Sc 31 0 3 C 0 Sc c
TJU.opiuL Ciltalinae 0 0 3 1 0 2 0 0 0
Un.<.de.nti6.ied nu.d.<.b!l.a.nch 0 p 0 0 0 0 0 0 0
Un-ide.nti6.ied phola.d 0 0 0 0 0 0 0 0 Sc
Appendix ab. (continued)
YEAR 1974 1974 1975 1975 1976 1976 1977 1978 1978
SPECIES MONTH JULY OCT JULY NOV MAR OCT APR JUN DEC
--
PORIFERA
HymenamphUu..tIl.a. 0 0 0 0 0 0 0 0 Sc
Le.uc.andJul he.a.tJU. 0 0 0 0 0 Sc 0 Sc Sc
Le.uc<..ua. nuttingi 0 Sc 0 0 0 Sc C Sc C I0'1
~
Spe.cio4pongia con6oe.d~ 0 0 0 P 0 0 0 0 0 tvI
Tethya a.uIla1I.Ua CAU6o!liU.a.na 3 2 0 4 4 0 6 1 1
Unide.nti6ie.d 4ponge. 1 P 0 0 0 0 0 0 0
UROCHORDATA
BoUeJtia vi.ll..o4a 0 0 1 2 4 Sc 1 Sc 0
Cne.midoc.aJl.Pa 6inmalr.1Ue.n4i4 0 1 0 0 0 0 0 0 0
PyUJUl hau4tOlt 0 0 0 0 0 Sc 8 Sc 0
stye.la montVle.ye.n4i4 4 7 7 18 32 29 8 13 7
Unide.nti6ie.d tunicate. 0 0 0 0 Sc 0 0 0 0
---
A .. Abundant C • Goumon P .. Present Sc .. Scarce
( ( ( (
( ( ( (
(
Appendix 8c. Numbers or Estimates of Abundance of Brown Algae and Invertebrates Observed at Permanent
Subtidal Station 7, Fields's Cove. DCPP, 1973-1977.
YEAR 1973 1974 1974 1974 1975 1975 1976 1976 1977
SPECIES MONTH SEP MAR AUG OCT AUG NOV APR NOV
APR
--
PHAEOPHYTA
C1j4to4e.Vta. 04rrnmd.a.cea a a a 2 2a a P Sc C
Ve4maJte4Ua u.gu1a..ta. a a 24 Sc C Sc a a
a
V.i.ctljOllewuun Cau.60JUU.CLlm a a A Sc Sc Sc Sc a a
V.i.ctIjO.ta. sp. a a a a C a a Sc a IC\
LaJni.naJL.iA. den:t<.g eJul a a 6 12 47 25 22 37 41
-.J
w
I
NIUleoclj4W iue-tke.ana a a 43 34 47 6 7 a a
PtlUlljgopholta cau.6oJUU.ca a a 111 232. 373 283 296 379 336
ANNELIDA
V.i.opatlta sp. a a a a Sc Sc P P
C
EUJi.{AtIjUa potymoJtpha. a Sc a P Sc Sc P a Sc
Myucota sp. a a a a 0 0 a 3
4
p.u..ta. sp. a a a a Sc a 0 Sc C
SeJl.PuLi..d.a.e 0 a a 0 0 0 a
c Sc
TlUlebell...i.d potychaetu c a a a c a a a
0
Appendix Bc. (continued)
YEAR 1973 1974 1974 1974 1975 1975 1976 1976 1977
SPECIES K>NIH SEP MAR AUG OCT AUG NOV APR NOV APR
ARTHROPOD
Canc.eJl antenJUvvi.LL6 0 1 0 0 0 1 1 0 1
LOX.OMIjnc.hu6 eJUl,patlU> 0 0 0 1 0 1 0 2 0
PagUltU1> sp. C 0 0 P 0 0 0 3 2
PugeW.a. pIWducta 0 0 0 0 0 0 0 1 1 I
0"\
PugeW.a. -'UdLU 0 0 0 0 0 0 0 1 0 -...J
.l:::-
I
COELENTERATA
AgiMphe.niA. sp. 0 0 0 0 0 0 0 Sc Sc
Altopo~ po~phy~ 0 0 0 0 Sc 0 0 0 0
AnthopleuJLa. CVLtemu-i.a. C 2 0 1 1 10 7 2 33
Anthopleww. xan.tJwg.lLaJrmi.ca. 0 0 1 0 2 1 2 1 4
Ba..i.anophyU-i.a. eleg~ C Sc C 0 C C C C C
ColtlJna.c.ti6 caU6oJr.n..i.c.a. 0 0 0 0 0 0 0 Sc Sc
Ep-i.a.cU..6 pIW.u6~ 0 0 0 0 0 0 0 Sc 0
PMa.c.lJathiA 4teaJo1.-6.u Sc Sc C 0 Sc Sc 0 Sc 0
Tel-i.a. ~4~C.OJr.n..i.4 1 1 1 1 1 1 1 1 0
T~ lo6oteM~ 3 3 1 3 1 1 a 2 4
( <. ( ( <.
(Appendix Be.
(
(continued)
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YEAR 1973 1974 1974 1974 1975 1975 1976 1976 1977
SPECIES K>NTH SEP MAR AUG OCT AUG NOV APR NOV APR
ECHINODERMATA
Cuc.umaIUa rr0U.ata Sc 0 0 0 7 0 11 A 0
Eupe.n.tacta quinquAA emda. 0 2 0 0 11 0 1 C 0
HewU.cUt lev.i..lL6 cui.a. 2 1 0 1 2 3 1 2 3
Oph.i..opliJc.u6 eA rnaJl1U 0 0 0 0 Sc 0 0 12 0 I0'1
-....J
Oph.i..otM.i..x. ~ p.i..c.ula..ta. 0 0 0 0 C 0 0 0 0 lJlI
O!r-tha.6~eJWu, koehtvU 4 4 3 3 0 2 2 10 9
Pa.Jl.M:ti.choplL6 cal.i..60 JuU.c.u6 0 0 0 0 0 0 0 0 3
Pa.Jl.M:ti.choplL6 spp. 1 1 0 0 0 0 0 0 0
Pa..tiJUa rWUa..ta. 195 167 78 86 50 73 86 134 141
P~MtVt bJtev~p-&tlL6 10 5 6 17 6 10 10 3 13
P~MtVt g.i..gan.telL6 9 9 6 12 6 7 16 B 21
P~MteJt ochJtaceolL6 0 0 4 1 0 0 1 2 1
Pycnopodia hel.i..an.tho.i..deA 0 1 1 1 5 3 0 0 2
SaoYlgylocentJw~ 6JtaYlwcanlL6 131 137 75 84 41 30 22 59 16
SaoYlgyliJcentJw~lL6puJtp~ 0 0 0 0 0 0 0 2 1
StylM~eJWu, 60JtJtvU 0 0 0 0 0 0 1 0 0
Appendix 8c. (continued)
YEAR 1973 1974 1974 1974 1975 1975 1976 1976 1977
SPECIES IDNTH SEP MAR AUG OCT AUG NOV APR NOV APR
ECTOPROCTA
V.i.a.pvwecl.a. c.a..U6oJ[n.{.c.a. 0 0 0 0 P 0 0 Sc 0
PfUdolopolU1 pa.u6i.c.a. 0 0 0 0 Sc 0 0 Sc 0
MOLLUSCA
Ac.ma.ea. m.Utr.a. 0 0 0 0 Sc 0 0 0 P
I
0\Acmaea. sp. Sc 0 0 0 0 0 0 0 0 -....J
0"\
AtUAodoJLi..6 nobilM. 0 0 1 0 2 1 3 0 I3
Mc.fUdoJLi..6 monteJtetjm6-u' 0 0 1 0 1 0 1 1 0
Mc.fUdoJLi..6 odhneJLi 0 0 0 0 0 0 1 1 0
MtJutea gibbvr.o4a. 4 4 0 6 1 2 4 2 2
CadUna. 6la.vomac.ula.ta. 0 0 0 0 0 0 0 2 0
CadUna. luteomallgina-ta 0 0 1 0 0 0 0 3 1
Ca..UW.6toma. annula.tum 0 0 0 0 1 0 0 0 0
Ca..e..tto.6toma. c.a.na.Uc.ul.a..twn 0 0 0 0 0 0 0 Sc 2
Ca..e..tto.6toma gloJUo.6wn 0 0 0 2 0 0 0 0 0
Ca..UA..o.6toma. Ugatwn 0 0 0 0 Sc 0 0 C 7
( ( ( (
(Appendix Bc.
(
(continued)
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YEAR 1973 1974 1974 1974 1975 1975 1976 1976 1977
SPECIES MJNTH SEP MAR AUG NOV AUG NOV APR NOV APR
MJLLUSCA (continued)
Ca.U..<.Ol>toma. sp. Sc 0 2 0 0 0 0 0 0
CVU1tOl>toma. no.ua.twn 0 0 0 1 0 0 0 2 0
ClUJptoclU-tOIt I>teUvU 0 3 1 0 1 0 1 2 0
V.<ACOdoltAA MltcUegeM.<A 1 0 2 2 2 0 1 1 0 I
0\
VOWPI>illa. aiboplUtc.ta..ta. 1 9 1 3 15 3 3 6 19 --.I
-..J
I
HaUow k.am:UcJw..tka.na. 0 1 0 0 0 0 0 0 0
HaUow IULnUCeM 1 0 0 0 1 0 0 1 0
HeJlJ1iU,I> enOO CJI.iLI> I>.i.coJtJ1.iA 5 0 0 0 0 0 0 0 0
Hwu..tu mu..UUw.gOl>M 0 0 0 0 1 0 0 7 0
M.UIl.a. .i.da.e Sc Sc 3 9 9 2 0 12 39
OUveU.a. b.i.pUca..ta. 0 0 0 0 0 0 0 0 P
pfU.c:1.i.a.na. hil..torU 0 0 0 0 1 0 0 0 0
PI>eudomeia.toma. tO~Ol>a. 0 0 0 0 0 0 0 0 1
SeJlPutOJr.b.<A I>qUlll7ligeJULl> .0 0 0 0 Sc 0 0 C Sc
Tegula. bJtWtnea. 0 0 0 0 Sc Sc Sc Sc 0
Appendix 8c. (continued)
YEAR 1973 1974 1974 1974 1975 1975 1976 1976 1977
SPECIES MONTH SEP MAR AUG MAR AUG NOV APR NOV APR
MOLLUSCA (continued)
Te.gu.l.4 monteJLe.Y-i. 0 0 0 0 Sc C Sc Sc 0
Te.gu.l.4 pui.lig0 Sc 0 0 0 0 0 0 0 0
Ton.i..c.eU.a .une.ata. Sc Sc 4 C C 0 0 C P
Tltiopha ca,ta.Unae 0 0 0 0 5 3 1 2 2
I
'"-...J
TItiopha ma.cui.a.ta. 0 0 0 0 0 0 0 1 0
co
I
unA.J:1en,ti.6..i.e.d phoi.a.d6 0 0 0 0 0 0 0 C 0
PORIFERA
Le.u.can.dJta. he.a:tJU 0 0 0 0 0 0 0 4 0
Le.u.ciUa. ... utting-i. 0 0 0 0 0 0 0 0 P
Te.thya. IllJJrAJl.tia. c.a.U6o!U7.-i.CJl 11 11 12 18 14 11 15 20 26
wUde.nt<..6-i.e.d ~ponge. 0 0 0 0 Sc 0 0 0 0
UROCHORDATA
BoUe.n.-Ut v.ueo~a. Sc 0 0 1 C 17 0 32
9
Clave.l.ina. 1twt.Urnan.<. 0 0 0 0 0 0 P 0 C
Cne.mU:1oc.aJtpa. 6..i.nmaJLIUe.M..!A Sc 0 0 4 C 0 0 7
0
PyUlta ha.u6.t0lL 0 0 0 0 0 2 0 1
0
( ( ( (
(Appendix 8c.
SPECIES
(
(continued)
YEAR
M:lNTH
1973
SEP
(
1974 1974 1974
MAR AUG OCT
1975 1975
AUG NOV
(
1976 1976
APR NOV
1977
APR
(
UROCHORDATA (continued)
Stlje1..o. mon-tVtelje.M,u,
TtUdidemnwn opa.c.wn
o
o
o
o
o
o
4
o
18
o
87
o
103 115
o 0
59
C
A .. Abundant C .. Common p... Present Sc .. Scarce
I
0'\
-..J
\0
I
Appendix 8d. Numbers or Estimates of Abundance of Brown Algae and Invertebrates Observed at Permanent
Subtidal Station 8. Fields's Cove. DCPP. 1973-1977.
YEAR 1973 1974 1974 1977
SPECIES K:lNTH SEP AUG OCT APR
-
PHAEOPHYTA
Cy~tD~vU4 oMlWtdo.c.ea 0 2 P 8
Ve.MW1Jl.e.6t.ia. Ugula.:ta. A C P 0
V.<.c.tyoneww.m c.a.U6oJtiUc.um A C P C IC\
Larn.Uta.!Ua den.-U.g VU1 C 17 20 76
co
0
I
Nvr.eoc.y.6W fue.tk.ea.na 11 53 47 0
PteJL!f90pholUl c.a.U6oJtiUc.a. 0 48 47 77
un.<.den.ti.6.i.ed a1.gae 0 P 0 0
ANNELIDA
Eu.d.i..6tytia. polymoJr.pha. C C Sc C
M!fuc.ola. sp. 0 0 0 2
P.<..6ta. sp. 0 0 0 Sc
SeJr.puUdo.e 0 0 0 Sc
ARTHROPODA
Canc.eJt antenna.M.u6 1 0 0 0
( ( ( (
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YEAR 1973 1974 1974 1977
SPECIES KlNTH SEP AUG OCT APR
ARTHROPODA (continued)
LowJt1tyncJuu, eJLU.patlL6 0 0 0 1
Pa.g UIl.U6 sp. 0 0 0 Sc
Puge.tti.a. pMdu.cta. 1 0 a 0
I
0\
COELENTERATA 00I-'
I
Agta.ophe.rUa. sp. a a 0 Sc
AUoPOJUl POl!ph!lJUl C 0 0 0
An.thopieww. aJLteme-6.w. 0 0 0 2
An.thopieww. xo.nthogJLaJrrn.i.c.o. 2 58 87 91
Balanph!lu.i..a ei.egaJU> C A C C
CoJtynacU6 c.aL<-6oJm.<.c.o. A 0 0 0
Ep.w.cU6 pJtOli6eJUl 0 C 0 Sc
PaJUlC!la.-tJuu, 4teaJuU>-U Sc 0 a Sc
Te~ ~4~CO~ 0 3 3 0
Te~ to6oten4~ 8 0 3 8
Appendix 8d.
SPECIES
(continued)
YEAR
!'I)NTH
1973
SEP
1974 1974
AUG OCT
1977
APR
MJLLUSCA
Acmttea mdJu:l Q 0 0 Sc
Acmaea sp. Sc Q Q Q
Aid.i..6a ~ I1J'I.gu..i.nea Q 0 Q 1
AnAAodow 110bil..<..6 Q Q Q 1 Ien
CX)
~~g~b~~a 1 18 13 22 tvI
Ca..Ui.o~toma. annui.a..tum 0 0 Sc 1
Ca..Ui.o~toma. Li.gatum Q 0 0 2
Ca.Wo~toma. sp. Sc 0 0 Q
ChIlljptoc.hilol1 ~te..UeM. 3 0 1 1
V.i..6codow heatJU 0 0 0 1
VoJUo~ma. albopunctata 1 9 4 18
HalWw Jw6 e.6 Wl.6 7 0 0 3
HaUow 1OOi.aUe.nh.i..6 0 0 0 1
HeJr.nt.iA~ en.da. cJt.a.6~-i.coJtJti.J, 0 1 0 0
Homalopoma .tuJr..idLun 0 0 0 C
Hop/UJt.6ae ltO~acea 0 0 0 1
<. <. (
(
(Appendix Bd.
(
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YEAR 1973 1974 1974 1977
SPECIES MONTH SEP AUG OCT APR
ECTOPROCTA
Fl.u6tJLeUa COI!tU.cu1A..:ta A 0 0 0
Phidoiopo~ paci6ica Sc 0 0 0
ECHINODERMATA I
CuCLlI7II1!Ua rnill.i.a.ta.
CI
0 0 1 0 00
w
Eupen.ta.cta C{!.WtC{Ue4em.Ua.
I
0 1 0 0
HewU.c<.a. ie.viMe.ula. 5 2 2 11
Le.pW-teJW;u, he.meW 1 0 0 1
OJr..t1u:t6 -teJW;u, Iw e.hiw 4 3 0 1
PaJIiUluchopull spp. 0 2 0 0
Pa..t<.JUa rnill.i.a.ta. 214 287 272 213
P,U,a,6-teJt g.<.gan.te.u,6 14 2 1 4
P,U,a,6-teJt 0 cJvw.ce.ou,6 6 0 0 1
pYCYlOpodia. he.liantJwidu 1 4 4 4
StJLOrtg yioc.e.ntJto,tu,6 6Jta.n.we.a.rtu,6 222 187 41 53
StJLortg yioc.e.ntJto-tu,6 pultpu.!Uttu6 0 0 0 1
Appendix 8d. (continued)
YEAR 1973 1974 1974 1977
SPECIES MJNTH SEP AUG OCT APR
MJLLUSCA (continued)
/.ti..tJta. .Lda.e. 0 2 1 9
Ph1.diana hi.UolLi 0 0 0 2
Pl>e.u.dorndJU:oma t:.OlWl>a 0 0 0 1
SvrpuloJr1}i.4 I>qu.amig e.JUL6 0 0 0 Sc I
0\
co
Tegula. bJwMe.a 0 0 0 A ~
I
Tegula. sp. Sc 0 0 0
TotU.ce.Ua Une.at:.a C 0 Sc 0
PORIFERA
Le.u.cil.i.a nuW.ng.L 0 0 0 Sc
Te..thtja awr.a.n.tia caU6oJtn..iana 6 0 2 3
UROCHORDATA
BoUe.n.La v.LUol>a Sc 0 0 0
ceave.Una Itwt.tt>man.L Sc 0 0 0
Cne.m.LdocaJtpa 6i-nmaJr.1Ue.n4.L4 Sc 0 0 1
St:.tjei.o. mont:.eJte.tje.n4.L4 Sc 4 0 34
( ( ( <.
( ( ( ( (
Appendix 8e. Numbers or Estimates of Abundance of Brown Algae and Invertebrates Observed at Permanent
Subtidal Station 9, Diablo Cove. DCPP, 1973-1978.
YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1978
SPECIES KlNTH SEP AUG NOV APR AUG DEC APR NOV MAR MAY
PHAEOPHYTA
CY~~06tUJw. OMwtdacea. 0 0 0 0 1 67 A A 100 A
OUITlVtUUo. Ugula.ta Sc C p C C 0 Sc p 0 0
I
O.<.ctyoneWtw1l ca..U.6olUUC'lJm 0 0 Sc Sc Sc C 0 C Sc 0'\C co
til
O.<.ctyota b.<.ngham<.a.e 0 0 0 0 0 0 0 0 0 Sc I
O.<.ctyota sp. 0 0 0 C C 0 C Sc 0 0
Lam.Uta.M.a. den.tig eJta. 0 22 27 73 69 50 110 133 166 218
NVteocy~w lutkea.na 0 64 76 77 304 55 35 34 0 0
P~VtlJg°pho!U1. caLl6oJtYt.<.c.a 0 40 78 293 195 245 210 236 246 317
ANNELIDA
0.<.0patJta. sp. 0 0 Sc 0 0 Sc P Sc Sc Sc
El.I.lU6~y.ua poiymOll.pha A 0 0 A C C A C A Sc
P.<.6ta sp. 0 0 0 C Sc 0 0 Sc Sc Sc
SVtpu.t.<.dae 0 0 0 C Sc Sc C C C Sc
TVtebeU.<.dae Sc 0 0 0 . 0 0 0 Sc 0 0
Appendix Be. (continued)
YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1978
SPECIES WNTH SEP AUG NOV APR AUG DEC APR NOV MAR MAY
ARTHROPODA
CanceJr. an..tenn.aJL.i.u.h 0 0 1 1 3 1 1 3 5 1
Cltypto.ut:hoidu 6.i..tchen6-U. 0 0 0 0 0 0 0 1 0 1
LoxoJthynchuh eJr..U,pa.tu6 0 1 0 0 0 1 1 3 0 1
Pagu1UL6 sp. 0 C C C 0 C P C Sc 0 I
0\
Pagu1UL6 spp. 0 0 0 0 0 0 0 0 0 C 000\
I
Pugeft.ia. 91U1c.ili.l> 0 0 0 0 0 0 0 1 0 0
Pugeft.ia. pMOOc.ta. 0 0 0 0 0 0 3 0 4 0
SCIJIU1 ac.ut.i.6MM 0 0 0 0 0 0 0 0 0 1
COELENTERATA
AnthopleUlla. aJLtem.i.6.i.a 0 0 1 0 0 0 0 0 0 2
AnthopleUlla. xan..thog!l11.Tr'm<.c.a 3 12 12 11 6 14 10 17 17 7
Unidenti6ied anemone 0 0 0 1 0 0 0 0 0 0
BaiJmophyU.i.a e.t.egaM C C C C Sc Sc C Sc C 0
Epiact.i..6 pM.t.i6vr.a Sc 0 0 C C Sc C Sc Sc 0
Halcampa decemten.ta.cuhtta 0 0 0 0 3 11 18 5 2 0
( { ( (
(Appendix Be.
(
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YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1978
SPECIES KlNTH SEP AUG NOV APR AUG DEC APR NOV MAR MAY
COELENTERATA (continued)
PtVtac.yatJuu> 4teaJuu..u 0 C 0 0 0 P 0 0 0 Sc
Te.a.Ua CLVUa.c.ea. 0 0 0 0 0 0 0 1 0 1
Te.a.Ua CJLa..64-i.COJ!J'IM 0 2 4 0 1 0 0 0 0 0
I
Te.a.Ua to 6o.te.n6-i.4 0 2 2 3 1 0 3 2 C'\0 1 00
-...J
I
ECHINODERMATA
Cuc.uma.JUa. m<.n-ULta. 0 0 0 0 1 0 0 1 0 0
Cuc.uma.JUa. sp. 0 0 0 0 0 0 0 0 0 C
Eupe.nta.cta quinquUlem-Lta. 0 0 0 0 0 0 1 0 4 Sc
H€JlJUcU:t leV-i.V4 c.ula. 4 1 0 2 0 9 5 6 1 9
Lepta.6.teJLUu. heJUlc.ti4 0 0 0 0 1 0 0 Sc 0 0
Lepta.6.teJLUu. spp. 0 0 0 0 0 0 0 0 0 SC
OJr-tJuu..teJLUu. flOehlw 2 3 1 2 3 1 0- 1 0 1
Pa..tUU.a. m<.n-ULta. 218 375 406 215 131 157 150 181 241 211
P-i.4it6.teA g-i.gan.teU4 1 1 1 1 2 2 1 2 0 2
P-i.4 it6teA 0 cJvr.a.c.eoM 0 0 0 0 0 1 0 0 0 1
Appendix Be. (continued)
YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1978
SPECIES ~NTH SEP AUG NOV APR AUG DEC APR NOV MAR MAY
ECHINODERMATA (continued)
PYC1l0podia. he.t.i.imtho..i..deA 5 4 6 5 0 2 2 0 0 0
PC1Il.a.hUc.hopuA caLi.6ovUc.uA 0 0 0 0 0 1 0 0 0 0
PC1Il.a.hUc.hopuA spp. 0 1 2 0 0 0 0 0 0 0
StMng ytOC.entJw.tuA 6JLanW c.anuA 363 151 72 20 4 6 11 16 19 6 I
C"'I
StJt.ong ytoC.en.tJtO.tuA pU/lpuJultlU> 0 0 0 0 0 0 0 2 0 2 COCO
I
S.tyta.6.tvUa.6 60ftlLvU 1 0 2 0 0 0 0 0 0 0
ECTOPROCfA
Hippo d..i..pto-6.i.a. .i.n-6c.u1.pta 0 0 0 0 0 C 0 0 0 0
MJLLUSCA
Ac.an.thodow bJWnnea 0 0 0 0 0 0 0 0 1 0
Ac.mae.a m.i..tIU1 0 0 0 0 C C C C Sc C
Acmtea. sp. 0 C 0 0 0 0 0 0 0 0
An.i.-6odow nolU.U6 3 0 1 0 0 1 0 0 0 0
A!t.cJUdoW mon.teJteyen-6-u' 0 0 0 0 0 0 0 1 0 0
M.tJt.aea. gibbeJW-6a 39 10 11 11 6 6 9 13 10 15
( ( ( ( (
(Appendix Be.
(
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YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1978
SPECIES K:lNTH SEP AUG NOV APR AUG DEC APR NOV MAR MAY
K:lLLUSCA (continued)
Ca.dUna. ftlavomacu.l.a-ta. 0 0 0 0 0 0 0 2 0 0
CadLUta tuteomaJLga...Uta.t:a. 0 0 0 1 0 0 0 1 1 0
Ca.il-<..o~ toma annul.a.tum 0 0 0 0 0 0 0 0 0 Sc
Ca.il-<..o~toma Uga..tum 0 0 0 0 0 0 0 0 C Sc I
C'I
Ca.il-<..o~toma sp. Sc 0 0 Sc 0 0 0 0 0 0
<Xl
\0
I
CeJtato~toma 6oUa..tum 0 0 0 0 0 6 4 0 1 1
ChMmodoJrJA mac.6aJlland.i 1 0 0 0 0 0 0 0 0 0
CJt.yptoc.hUon ~teU..vrJ.. 0 0 0 0 0 0 0 1 0 0
fJ.<.a.utuia ~and.iegeJ'l1>.u 0 0 0 0 0 1 0 3 0 0
v.uc.odoJrJA heo.:tJU 0 0 0 0 0 0 0 1 0 1
VoJUop~.u.e.a a..ibOPUllc.ta.to. 16 3 2 9 5 5 1 2 8 10
HaLWw JtU6Uc.eJ'I1> 2 0 0 1 0 0 0 0 3 3
Hexm-<.6~ e.n.da. CJliU> ~.{.c.o Jtn.iA 2 0 0 0 0 0 0 0 0 0
H.<.nnilu mu1UJuLgo~lL6 0 1 0 1 1 1 0 3 1 1
Homalopoma luAidum 0 0 0 0 0 0 0 Sc C C
Appendix Be. (continued)
YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1978
SPECIES !l>NTII SEP AUG NOV APR AUG DEC APR NOV MAR MAY
!l>IJ.,USCA (continued)
HoplWu.ia. ItOMC.ea. 0 0 0 1 0 0 0 0 4 3
Megathwr.a. C/tWu1.a.ta. 0 0 0 0 1 0 0 0 1 0
M.i..tIt.a .<.da.e Sc 0 0 3 2 5 2 2 8 6
Mopa.,Ua. spp. Sc 0 0 0 0 0 0 0 1 0
I
Ph.i.di..aJta. hil.:ton.i. 1 0 0 2 0'\0 0 1 1 0 0 ~
0
PododeAlIIIJ..6 c.ep.io 0 0 0 0 1 0 0 0 I0 0
P6eu.dome1.JLtoma. t01t0611 0 0 0 0 0 0 0 0 C 1
SeJr.puloIlbJA 6 quam.i.geJI.U./) 0 0 P C Sc C C C C Sc
Tegula. blUlMea. 0 0 0 0 0 0 0 0 0 C
Tegula. montVley.<. 0 0 0 0 0 Sc 0 p Sc 0
Tegula. puUigo 0 0 0 0 0 0 0 p Sc C
Tegula. sp. 0 0 0 C 0 0 0 0 0 0
Ton.i.c.e.Ua -Unea.ta Sc C 12 16 C c C C P C
TJLi..opha. c..a.taLina.e 0 0 0 0 0 1 0 2 1 0
TJLi..opha. mac.u1.a.ta. 0 0 0 0 0 1 0 0 0 2
Tltdon.i.a 6eAUVll 1 0 0 0 0 0 0 0 0 0
( ( { ( <..
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YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1978
SPECIES MJNTH SEP AUG NOV APR AUG DEC APR NOV MAR MAY
PORIFERA
Leu.c.a.ndJr.a. he.a.t.h<. 0 0 0 0 0 0 0 11 0 0
Leuc.i.U.a nu.t:t&tgi 0 0 0 Sc 0 0 0 Sc Sc Sc
Po l!Jl7llt6.:Ua pach!Jl7llt6.:Ua 0 0 0 Sc 0 0 0 0 0 0
Te;thyQ. a.uJrJlYttia. 3 0 8 8 9 10 10 4 6 7 I
'"Uniden.ti6.i.ed llponge 0 0 0 0 0 3 0 0 0 0 \.0I-'
I
UROCHORDATA
Bol.tutia. ViUollQ. 0 0 0 0 1 4 1 1 1 2
cta.veUna. Iu.uJ.-tAmani 0 0 0 0 0 0 0 Sc 0 0
CnemidoCM.pQ. ~en4i4 0 3 0 0 0 0 0 1 0 2
PyuJul haVll.to!l. 0 0 0 0 0 0 0 6 Sc 0
Styela. monte!l.eyen4i4 1 0 0 0 6 11 7 23 9 5
Unidenti6ied tUJlic.a..te 0 0 0 0 0 0 0 Sc 0 0
A - Abundant C = CODDDon P = Present Sc = Scarce
Appendix 8f. Numbers or Estimates of Abundance of Brown Algae and Invertebrates Observed at Permanent
Subtidal Station 10, Diablo Cove. DCPP, 1973-1978.
SPECIES
YEAR
ItJNTH
1973
SEPT
1974 1974
MAR AUG
1975
APR
1976 1976
APR NOV
1977
APR
1978
MAY
PHAEOPHYTA
CyU.Q4e»ta. 04munda.c.ea. 0 0 0 0 5 SC P 0
Ve,4maJlUu.a LiguiAta 0 0 C 0 0 Sc 0 0
Victyone.uJWm c.a.Li.6owe.wn 0 0 0 0 Sc Sc 0 Sc I0"\
'"Victyo.ta. sp. 0 0 0 0 0 Sc 0 0 NI
Lam.i.naJl..i.a. dent.i.g VUt 0 0 132 107 192 124 216 279
NeJl.eOCY4W fue..tkea.na. 0 0 99 2 2 35 0 0
PteJLygopholUl c.a.Li.6owc.a. 0 0 120 172 232 212 241 226
ANNELIDA
ViD pa.tJw. sp. C Sc 0 C C Sc C Sc
Eu.ciWty-Ua. poiymolLpha. C Sc C A 0 Sc P Sc
.
Myuc.oia. sp. 0 0 0 0 0 Sc Sc 0
P.iA.ta. sp. 0 Sc 0 C Sc 2 Sc 1
TeJtebeLLi.da.e C 0 0 Sc 0 0 0 0
SeJtPu.LU1a.e 0 0 0 0 0 Sc 0 C
<.. <..
"
(
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(
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YEAR 1973 1974 1974 1975 1976 1976 1977 1978
SPECIES J«>NTH SEPT MAR AUG APR APR NOV APR MAY
ARTHROPODA
BalanU-6 sp. 0 0 0 0 0 P 0 0
Canc.eJl antennaJU.u..6 0 0 0 1 0 3 0 0
Lo xo lLhync.fuU> c.JU.6 pa.tU-6 0 0 0 0 0 1 0 0
M.Unu.tU-6 60~ 0 1 0 1 0 0 0 0 I0'1
PagUll.U6 sp. 0 0 Sc 0 Sc Sc 3 0
~
W
I
Pandal.u6 9uJlYtey-<- 4 0 0 0 0 0 0 0
Pugetti.a pIWdu.cta. 0 0 0 0 0 0 0 1
Scy/tfl a.c.uU.6IW /t.6 0 0 0 1 0 0 0 0
COELENTERATA
Artthop.f.eU/tfl lVU:em.W-Ut 0 4 0 10 5 0 20 6
Artthop.f.eU/tfl x.a.nthog!Ul1nnU.c.a. 3 0 5 6 7 9 21 22
A6tMng-i.a. .e.a.j olla.eM-U. 0 0 0 0 0 0 Sc 0
BalanophyU.<..a. e£.ega./t.6 C A A C C C C C
CO!l.!JrUlc.t:.U. c.a.U60!lYU.c.a. 0 0 0 0 0 0 0 Sc
Ep-Utct.u. pIWli6eJla. 0 0 0 0 0 0 P Sc
Appendix 8f. (continued)
YEAR 1973 1974 1974 1975 1976 1976 1977 1978
SPECIES K>NTH SEPT MAR AUG APR APR NOV APR MAY
COELENTERATA
Halc.ampa. de.c.emtenta.c.ul.a.ta. 0 0 0 0 0 0 1 0
PaJIilc.ya.t:hu4 4.te.aJl.YU>li 0 4 C C C Sc 0 Sc
Te.a..Ua. CJI4MicoJt¥U.6 0 0 1 1 0 0 0 1
Te.a..Ua. to 6o.teM.<.4 0 0 0 0 2 1 2 1 I
C'\
Un.i.den.t.<.6ie.d anemone. 0 0 0 2 0 2 0 6 ~
tl::>
I
ECHINODERMATA
CUCLlJ7l<1!Ua. rni..n.i.a.ta. 1 0 0 0 0 Sc 4 0
Cu.CLlJ7I<1!Ua. s p • 0 0 0 0 0 0 0 C
Eu.pe.n.ta.cta. qu..<.nqu.u vnda. 1 0 0 1 1 Sc 5 4
HeMi.Ua. iev.<.u4c.u1..a. 0 2 4 3 3 2 2 5
Le.p.ta.4.tvUa..6 ha.x.a.c.ti4 0 0 0 0 0 0 0 SC
O!l.tha..6.tvUa..6 Iwehtvu. 0 3 5 5 4 4 0 8
PaJl4.6Uc.hopU4 paJtv.uneM-<-4 0 0 0 1 0 0 0 0
PaJl4.6Uc.hOpU4 sp. 0 0 2 0 0 0 0 0
Pa..ti..Jt.ia m.UUa.ta. 129 119 179 110 165 199 205 241
( ( \ ( <..
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YEAR 1973 1974 1974 1975 1976 1976 1977 1978
SPECIES KlNTH SEPT MAR AUG APR APR NOV APR MAY
ECHINODERMATA
P.u,Mtvr. bJtev.u,phlU6 0 1 0 1 0 2 1 0
P.u,iUltvr. giganteU6 4 2 2 3 3 1 3 1
P.u,iUltvr. oc.hJta.c.eoU6 0 0 1 0 0 0 0 1
Pycn.oporU.a. hel.A..arLthoidu 4 4 1 3 4 6 4 2 I0'\
\D
Sbwng ylo c.en:tJto.tU6 6Ju1nwe.attLL6 86 56 86 0 4 7 6 1 InI
S.tJtonlyloc.en:tJto.tU6 pWtpWta.tLL6 0 0 0 1 0 0 0 0
styliUltVtiiU> 60IVLVti 1 2 0 0 0 0 0 0
ECTOPROCTA
CJt.Wia. s p • 0 0 0 0 0 Sc 0 0
Phidolopo~ pac.i6ica 0 0 0 0 0 Sc 0 0
MOLLUSCA
AcmaM m.i...tJta. 0 0 0 0 C C C 0
AcmaM sp. 0 Sc Sc Sc 0 0 0 0
Aeg-ULu albopunc..ta.tU6 0 0 0 0 0 1 0 0
An.iAodow nobil-U, 0 0 0 1 1 1 0 0
Appendix 8f. (continued)
YEAR 1973 1974 1974 1975 1976 1976
1977 1978
SPECIES MONTH SEPT MAR AUG APR
APR NOV APR MAY
MOLLUSCA (continued)
AltcJU.dow moYLteM.!feM.u, 0 0 0 Q 0
2 0 1
A1:.tJr.aea. g-ilJbvw4a 11 26 15 17 26
18 24 16
Ca.dl,..Uu1 MeomaJtg-Uta.ta. 0 0 0 0 1 2
3 0
Ca1.U.o4torna. annula-tum 0 0 0 2 0
0 0 14 I0"'
\.0
Ca1.U.o4torna. c.a.nalicul.tttum 1 0 0 0 0 1
1 0 0"'I
Ca1.U.o4torna. Liga..twn 0 0 0 2 2 3
1 Sc
Cenat04tOrna. 60~um 0 0 0 2 3 14
0 0
Cenat04tOma. nut.:t.a.U-<. 0 0 0 0 0
0 2 0
CJttjptochUon 4te.UvU 0 0 0 0 0 1
0 0
V.u,codow 4and..i.egeM.u, 0 0 0 1 0
1 3 0
VoJUop4ili.a. albopuncta.ta. 3 3 3 8 4
8 10 31
FU4-Ut!L6 sp. 0 0 0 1
0 0 1 0
HaUoW kam:t4c.ha;tkana. 0 2 0 0 0
0 0 0
HaUoW Jte6e4ceM 0 0 0 0 0
0 1 2
H.{.nndu I/Itl.U..Uw.g04!L6 0 0 0 0 0 0 1 0
Homa1.oporna. .f.wWium 0 0 0 Sc 0 Sc
C C
( ( ( \
(
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YEAR 1973 1974 1974 1975 1976 1976 1977 1978
SPECIES MONTH SEPT MAR AUG APR APR NOV APR HAY
MOLLUSCA (continued)
Homalopoma luJUdwn 0 0 0 Sc 0 Sc C C
Lalla. COc.k.eJl.e..Ui. 0 0 0 0 0 1 0 0
M.i..tJta ..i.da.e 0 Sc 11 6 0 19 15 21
Oc.enebJta. luJUda 0 0 0 0 0 0 0 1 I0'\
1.0
Oc.enebJta. sp. 0 0 0 0 0 0 3 1 -.lI
Ph..i..d<.ana IULtOM 0 0 1 0 0 1 0 0
Pododurnull c.ep.io 0 0 0 1 0 0 Sc 0
PI.eu.domei.at:oma toltO-6a 0 0 0 0 0 2 1 0
SeJlpui.o-'lb-iA I.quam.<.geJl1Ul 0 0 0 Sc Sc C C C
Tegula. bJt.uMea. Sc 0 0 0 0 0 C C
Tegula. monteJl.eyi Sc 0 0 9 0 0 0 Sc
Tegula. pu.U41o 0 0 0 0 0 Sc C 0
Tegula. sp. 0 0 0 0 C 0 0 0
Tonic.ella. .tUtea.ta. Sc Sc Sc 27 Sc C C Sc
TJL.i.opha ea.ta.Unae 0 0 0 1 0 0 0 2
TJUopha mac.uiata. 0 0 0 0 0 0 0 1
Appendix 8f. (continued)
1973 1974 1974 1975 1976 1976 1977 1978
SPECIES SEPT MAR AUG APR APR NOV APR HAY
MOLLUSCA (continued)
TILUon.i.a. 6uu.va 0 0 0 0 0 0 1 0
UrWknti.Me.d pho£.a..d6 0 0 0 Sc 0 C 0 0
Un..i.de.n.u.Me.d rtu.cu.b1UJ.Ylc.h 0 0 0 1 0 0 0 1
I
PORIFERA C'\<.0
Le.u.candlta he.a.:tJU.
CO
0 0 0 0 0 2 0 Sc I
Le.u.cil.i.a rtutt.ing.<. 0 0 0 Sc 0 Sc P Sc
Te.thy4 tlL.IJI.iVIt.Ul CA.li6o!l.iWlna 3 4 4 6 15 10 9 10
reV.lla. aIlb 0 0 0 0 0 0 1 0
UROCHORDATA
Cl.a.ve.Una 1wn.t6man.i. 0 0 0 0 Sc 0 0 0
BoUe.n.ia v.ill.oba 0 0 0 6 11 14 15 Sc
Cne.mUiocaJl.p4 ~e.M.<.b Sc 0 0 2 5 2 3 Sc
PyuJr.a h.au6toll. 0 0 0 0 0 6 10 0
Stye.l.a. monte.ll.e.ye.M.<.b 0 1 0 0 20 20 18 5
( ( ( (
(
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YEAR 1973 1974 1974 1975 1976 1976 1977 1978
SPECIES M:lNTH SEPT MAR AUG APR APR NOV APR MAY
UROCHORDATA (continued)
TJLi.d.i.demnum opacum 0 0 0 0 0 0 C 0
UrUden.U6.<.ed .twt.ica..te 0 0 0 0 0 P 0 0
A • Abundant C • COllllllOn P • Present Sc = Scarce
I
0'1
I..D
I..D
I
Appendix 8g. Numbers or Estimates of Abundance of Brown Algae and Invertebrates Observed at Permanent
Subtidal Station 11. Diablo Cove. DCPP. 1973-1978.
YEAR 1973 1974 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES MONTH SEPT MAR AUG NOV APR AUG NOV MAR OCT APR NOV JUNE
--
PHAEOPHYTA
CI/!lto!l eM.a. O.6mundac.e.a: 0 0 0 0 0 0 0 1 0 Sc Sc 0
VUIIICUl.e.!l.tU1 Ungul4ttt 0 0 Sc 0 0 C Sc Sc Sc 0 0 0
V.i..ctl/oneuJW1ll ca.U60JuUCUn1 0 0 0 0 0 Sc 0 0 Sc Sc Sc 0
V.i..etl/OU b.<nghamia.e 0 0 0 0 0 0 0 0 0 0 Sc 0 I--...J
V.i..etl/OU sp. 0 0 0 0
0
0 C Sc Sc 0 0 0 Sc 0I
La.n0taJUa. denUgvr.a. 0 0 31 79 37 177 C 108 292 297 301 406
NVteOc.y.!lW £.ue,tk.e.a:na 0 0 60 2 0 121 0 0 0 0 0 0
P.teJtI/90phoJLa. ca.U6oJuUc.a 0 0 0 15 32 56 C 103 123 123 U5 138
ANNELIDA
V.i..opa.tJw. sp. C 0 0 0 0 0 Sc C C C C 0
Eu.cJ,U,tl/Lia. pol!Jl1lolLpha 0 0 0 0 Sc 0 0 Sc 0 0 0 Sc
MI/uc.ola sp. 0 0 0 0 0 0 0 0 Sc 0 0 0
P.i..!lta sp. 0 0 0 0 0 0 0 0 2 SC 4 Sc
TeJtebeU.i..dae Sc 0 0 0 0 0 0 0 0 0 0 0
SeJtpu..Uda.e 0 0 0 0 0 0 0 Sc 0 0 C Sc
( ( ( (
(
(Appendix Bg.
(
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YEAR 1973 1974 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES MONTH SEPT MAR AUG NOV APR AUG NOV MAR OCT APR NOV JUNE
ARTHROPODA
Ba.lanU6 sp. 0 0 0 0 0 0 1 A 0 0 A 0
Canc.eJL an.te.n.naJL.i.U6 0 0 0 0 0 0 0 0 1 1 0 0
LoxollltyncJuu, CJLi.6patU6 0 0 0 0 0 3 0 0 0 0 0 0
PagUlUUl sp. 0 0 0 0 0 0 0 0 0 2 0 0 I
-.I
0
Panda.lu.6 gWtYley-i. 2 0 0 0 0 0 2 0 0 0 0 0 ~I
Sc.ylLO. a.cu6-i.6MtU> 0 0 0 0 0 0 0 0 0 0 1 0
COELENTERATA
WlwpleUlUt aJLtem.i.l>-i.a. C 1 0 0 2 1 2 3 1 8 4 6
An.-thopleUlUt x.an.thog.l!.lll7r7l-i.c.a 0 2 0 0 2 3 0 0 1 3 3 0
Mtltang-i.a. .e.aj oUaen<.,u, Sc 0 0 0 0 0 0 Sc 0 0 0 0
Ba1anophyU-ia. ei.egan<> A A C C C Sc C C C C A C
CO/tyna.ct<A c.aU6oJrJUc.a Sc 0 C 0 C Sc Sc Sc Sc Sc Sc c
Ep-i.a.cU6 pltOU6e1LO. 0 0 0 0 0 0 0 Sc 0 0 0 0
Hdc.ampa. dec.e.m.te.n.ta.c.u1a..ta. 0 0 0 0 0 0 3 0 0 1 0 0
Pa.ILO.c.!Ia.thU6 <.,teaJlJL6U C Sc Sc Sc C Sc 0 Sc C C Sc Sc
Appendix ag. (continued)
YEAR 1973 1974 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES MONTH SEPT MAR AUG NOV APR AUG NOV MAR OCT APR NOV JUNE
COELENTERATA
Tea.Ua. ClUU4i..COJrMA a 0 1 a 2 2 1 1 1 1 3 1
Tea.Ua. l.o 60te¥t4i..4 a a 3 a 2 a a 2 2 1 3 2
TubulaJUa. sp. a a a 0 a a a Sc 0 a a 0
I
ECHINODERMATA ~0
Cucunwr...ia. IIlUWU:a.
N
6 a a a 12 a 1 14 a a a a I
Cuc.LUlll1lUa sp. a a a a a a a a a a 48 21
Eu.pent:a.c.ta. qtUn9uuemda. a a a a a 1 a 2 a 2 1 4
Hen.JU.ci..a. .t.evi..4 c.uia. 4 4 2 1 2 2 4 3 2 3 1 a
Lepta4teJli.M hemcti..6 a a a a a a a a a a a 2
Lepta4teJli.M spp. a a a a a a a a a a 4 a
OpiUopl.o c.LL4 e4ma.1l.1U. a a a a a a a 1 a a 4 a
OpiUo.t.hM.x. 4pi..cu.la..ta 0 a a a a a a a a a 12 a
OlLtJuu,teJli.M Iweh.e.eJL.i 5 1 2 2 3 5 14 6 7 8 4 2
PaJrJt6tic.hopu.4 ca.U6oJr.n..t.c.LL4 a a 0 a a a 0 a 2 1 a a
Pcvr..ei6.ti..cJwpu.4 spp. 1 2 1 1 a a a a a a a 1
( ( ( (
(Appendix 8g.
(
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YEAR 1973 1974 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES MONTH SEPT MAR AUG NOV APR AUG NOV MAR OCT APR NOV
JUNE
ECHINODERMATA (continued)
Pa.:t.i.JUa.~ 110 110 139 72 98 171 124 144 164 125 183 128
p.u.a.h,tVt bJt.ev.u.p.utM 5 7 0 1 1 1 2 1 2 4 1 5
p.u.a.h,tVt g-i.ganteM 6 9 2 6 7 0 5 3 1 10 1 1
p.u.a.h,tVt odvw.c.eoM 0 4 1 3 4 5 0
I
3 1 1 0 1 -..J0
p.u.tU.,tVt sp. 0 27
w
0 0 0 0 0 0 0 0 0 0 I
P~ol.u6 c.hd.ono.<.d~ 0 0 0 0 0 0 0 0 1 0 0 0
PIjCJtOpocU.a. heLi.a.n..tho.<.d~ 11 1 4 0 6 2 2 1 9 1 8 4
stJt.ong ylocen.tJt.o.tu6 6JuVle.u.c.anUb 89 81 84 31 47 61 23 22 18 5 24 1
stJt.ongljlocen.tJt.o.tu6 pWlpUll./l.tu.6 0 0 0 0 0 0 0 0 8 1 4 0
s.tIjW,tvUo..t, 6CJVlVU. 0 2 0 0 1 1 0 2 0 2 2 2
ECTOPROCTA
CeUepolLa./t.i..a. bJwnnea. 0 0 0 0 0 0 0 0 Sc 0 0 0
cw-ia sp. 0 0 0 0 0 0 0 0 Sc 0 C 0
V-i.apVtoe.c.-<.a c.a.li6oMi..c.a 0 0 0 0 0 0 0 Sc C Sc C 0
PhLdolopo!t.a paci6~c.a 0 0 0 0 2 0 0 0 Sc 0 0 4
Appendix ag. (continued)
YEAR 1973 1974 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES tlJNTH SEPT MAR AUG NOV APR AUG NOV MAR OCT APR NOV JUNE
ECTOPROCTA (continued)
Un.<.de.ntioie.d e.ctop1Weta 0 0 a 0 P 0 0 a 0 a 0 a
MJLLPSCA
Ac.o.nthodoW bJLunnea a a 0 0 1 0 0 0 0 a 0 a I
Ac.maea m.<.tJuz a a Sc C
~
Sc 0 0 a a 0 Sc C 0~
Acma.ea sp. a 0 a 0 a 0 a 0 0 0 0
I
Sc
Ae.g.vr.u a.lbopunc.ta.tu.6 0 0 0 0 a a 0 0 1 a 0 a
Atd1Aa. ~an9u..Ute.a. a a a 0 0 a a a 1 a a a
MUodow nob.i..U6 0 a a a 1 a a 0 2 1 0 a
AJr.cJr,i.doJriA mon;teJte!feM~ a a a a a 0 a a 2 a 0 a
AJtch1.dow odhnVl.i. a a a a a 1 1 a 0 1 a 0
Mtlute.a. gibbeJlO<'a. 32 8 5 2 4 0 18 18 24 16 35 27
Ca.dUna. tutcoma.Jtg.ina.ta. 1 1 a a a 1 a 1 2 a 2 a
call..W<.toma. a.nnu..e.a.twn 3 a 0 0 Sc 1 0 4 Sc 2 2 8
Call..W<.toma. cana.lic.u.la.tum 0 0 0 0 0 a 0 0 1 3 a 0
CalUo<.toma. Uga.twn a 0 a a 0 Sc a 0 Sc 2 0 Sc
( ( ( (
(
(Appendix 8g.
(
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YEAR 1973 1974 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES KlNTH SEPT MAR AUG NOV APR AUG NOV MAR OCT APR NOV JUNE
MOLLUSCA (continued)
Ca..U-i.o6toma sp. 0 Sc 0 0 0 0 0 0 0 0 0 0
Cvr.a.to6toma 6o.ua.tum 4 0 1 0 1 1 0 5 7 4 1 0
Cvr.a.to6toma nu.tt.a..f...U. 0 0 0 0 0 0 0 0 0 0 0 3
ChJr..omadow mac.6aJ!i.ancU 0 0 0 0 0 0 0 0 2 0 0 1 I-.J
0
COJujpheUa. 6-Whvvi. 0 0 0 0 0 0 0 0 0 1 1 1 lilI
ChJujptoc1LUon 6.te..Uvvi. 0 0 0 0 0 0 0 0 0 0 1 1
V-iA c.odow 6ancU.eg l'J'L6-iA 0 0 0 0 6 0 3 5 2 3 3 4
V-iAcodow hea.th.i.. 0 0 0 0 0 0 0 0 1 0 0 0
VOlLOp6il.la. albo puncta..ta 17 3 4 0 6 4 2 6 12 13 6 8
HaLWw 1w.m:t6c.ha;tlw.n.a 0 1 1 0 1 0 0 1 2 0 0 0
HaLWw 1te.6Uc.l'J'L6 1 0 0 0 0 0 0 0 0 0 0 0
HeJtIII.i.¢6 e.nda c.JtM6icoJtn-U. 1 0 18 0 0 2 0 0 0 0 0 0
Hinnilu mu..UVw.go6u¢ 0 1 0 0 1 0 0 1 2 2 1 Sc
Homa1opoma .f.uJUdwn 0 0 0 0 0 0 0 Sc 0 C C 0
1!tU¢ lame..Ui 6ell 0 0 0 0 0 0 0 0 1 0 0 0
M.i.:Ur.a idae 2 Sc 5 0 0 5 0 7 11 13 12 9
Appendix ag. (continued)
YEAR 1973 1974 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES KJNTH SEPT MAR AUG NOV APR AUG NOV MAR OCT APR NOV JUNE
MOLLUSCA (continued)
Oc.e.ne.bJul tWLUla 0 0 0 0 0 0 0 0 0 0 0 2
OctaplUl 0 0 0 0 0 0 0 0 1 0 0 0
Pe.n.ta.to Cf) nc.hu6 mo ntVLe.IJe.YL6-iA 0 0 0 0 0 0 0 0 0 0 C 0
PfU.d.ta.na. h.ifton.<. 2 0 0 0 2 1 0 0 0 4 0 0 I
'-.l
0
SVLpulmw-iA ~quam.<.gVLtM 0 0 0 0 0 Sc Sc C C C C 0 C\I
re.gula. bJuWtei1 0 0 0 0 0 0 0 0 0 0 C Sc
Te.gula. montVLe.IJ-<- 0 0 0 0 0 0 Sc C Sc 0 0
re.gula. pu1..U..go 0 0 0 0 0 0 0 0 Sc A C 0
To n.<.c.e.Ua line.a.ta. Sc Sc 1 0 0 0 0 C 0 Sc 0 4
rJt.Uon.iA. 6~tiva 1 0 0 0 0 0 0 1 0 1 1 0
PORIFERA
Le.u.CJLnciJul he.tLthi. 0 0 0 0 0 0 0 0 5 0 Sc 0
Leu.c<lla nu-tt<.ng-<- 0 0 0 0 0 Sc 0 0 Sc 0 0 Sc
re.thlJa au.an..Ua c.aU601l.n.<.a.M 20 12 19 16 25 20 22 21 27 33 31 14
Te.ti.Ua. aJt.b 0 0 0 0 1 Q 0 0 1 1 0 1
( ( ( ( <-
(Appendix ag.
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YEAR 1973 1974 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES M:>NTH SEPT MAR AUG NOV APR AUG NOV MAR OCT APR NOV JUNE
UROCHORDATA
8o.ue.n.<.a v.<11.o~0. Sc Sc 0 0 P C 22 31 16 5 41 9
CiaveLi.na hUJ'l.Urna.n.<. 0 0 0 0 0 0 0 0 0 0 0 Sc
Cnem.Uio c.aJlpa O~e~.u, Sc 0 0 0 0 0 0 0 0 0 1 0
PyuJul Iw.u6toII. 0 0 0 0 0 0 0 Sc 2 5 4 0 I
-..I
0
stye.ta mon..teJL£Y~.u, 0 0 0 1 4 10 10 9 10 3 12 8 -..II
Synoicum po.tr.ol.U>W 0 0 0 0 3 0 0 0 0 0 0 0
TJUcLi.demnwn 0 pacum 0 0 0 0 0 0 0 0 0 C 0 0
UI'Udenti.6ied twu:.cate 0 0 0 0 0 1 0 2 0 0 0 C
--
A = Abundance C z Common P z Present Sc .. Scarce
Appendix 8h. Numbers or Estimates of Abundance of Brown Algae and Invertebrates Observed at Permanent
Subtidal Station 12, Diablo Cove. DCPP, 1973-1978.
YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES MONTH SEP AUG DEC APR AUG NOV MAY NOV APR NOV JUNE
PHAEOPHYTA
VumaJle.hUa Ugula.ta a 5 a a a a a a a a a
L.a.minaJUo. denti.geJLa a 2 a 0 a a a a a a a
I
ANNELIDA
-...I
0
c::>
V.i.opa.tJLa. sp. a a P 0 a a C Sc A C a
I
Eu.cU..bttjLi.a. potlJ1l0 ltpha. a Sc a a a 0 a a a a a
Myuc.oia. sp. a a a 0 a a a 0 1 1 a
P.u.ta. sp. Sc a a 0 a a Sc Sc C c a
SeJl.Puli.da.e a a a 0 a a a a a C Sc
ARTHROPODA
Ba1an~ sp. a a P a a a A 1 a A a
Canc.V!. antwn£l..'Uu6 a a a 0 1 a a a a a a
CILyptoUtho.w.e4 .6.ache.n6.u. 1 a a a a a a a a a a
LophoUthoi..de.6 6oJLaJrl.&ta.tu..6 0 1 a a a a a a 0 a a
Loxo!!..hLjltcJu.u, e'AMpa.tu..6 a 1 a 0 2 a a a 0 a a
( ( (
"
(
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(
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YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES MONTH SEP AUG DEC APR AUG NOV MAY NOV APR NOV JUNE
ARTHROPODA (continued)
Pac.hyc.he.f..u sp. 0 1 0 0 0 a a a 0 0 0
Pa.g~ sp. a a a a a a 0 Sc 1 a Sc
Pancia£.u.6 9uJtney.<. 1 a a 0 a a a 1 a 3 a
Puge.tt.<.a. pMducta. a a a a a a a a a 1 a I
-..J
Scy~ acut.<.6~on~ a a a a a a 0 a a 1 a
0
I..:)
I
COELENTERATA
AUopo~ CJli.<.6oM.<.ca. a 0 a a a a a 1 1 a a
AUopo~ sp. a a a a a a a a a a 2
Anthop.e.e~ aJLtemu.i.a. a a a 2 a a a a 5 a 2
AntilOp.e.e~ xanthogJtaJTrn.i.ca. a 1 1 a a a a 1 1 1 a
M.tJutng.i.a. £.a.joUaneM~ a a a a Sc a a a a a a
Sa.£.a.nophyU.<.a. e£.egan-6 A Sc C A C A A C C A A
CMynact.U> CJli.<.60M.<.ca. a a a a a a a a a a C
P~Cya.thM ~t~'<"<' Sc Sc a C C A Sc C C C Sc
re.f...<.a. columb.<.ana a a a a a a a 1 1 1 a
..
Appendix 8h. (continued)
"
YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES M:>NTH SEP AUG DEC APR Al]G NOV MAY NOV APR NOV JUNE
COELENTERATA (continued)
TeLi.a. CJUL6 ~-iC.OJl1t..W 0 6 3 12 14 23 12 18 21 22 9
Te.L<A lo6oten6~ 0 2 2 1 1 0 0 0 0 0 0
ECHINODERMATA
I
Cuc.umaJLi.a.~ 7 0 0 1 0 0 6 0 0 0 0 -JI-'
0
Cue.wnaJL.i.A sp. 0 0 0 0 0 0 0 0 0 1 8 I
Eu.penta.cto. qu..btquu em-i..o. 1 0 0 0 0 0 1 0 1 1 4
HeJlIt.icUt lev-iM c.ui.a. 2 3 6 6 1 1 6 10 13 9 16
MediaAt~ aeq~ 0 0 1 0 0 0 0 0 1 1 0
OpruotivUx ~p-ic.u.la.ta. 0 0 0 0 0 0 0 C 0 Sc 0
Ol!:t.Jut6t~ Iwehlw 8 0 3 2 8 10 13 12 7 27 22
paJta-6uc.hopM c.aLi.60 JtYU.c.M 0 0 0 5 0 1 3 0 2 0 0
PaJta-6tic.hopM paJtv.unen6~ 0 0 0 0 0 0 0 0 3 1 0
PaJta-6Uc.hopM sp. 6 5 0 0 0 0 0 0 0 0 8
Pa.:tVUa.~ 163 148 111 140 126 171 216 175 221 239 234
P~~t~ b/f..eV~p-i..nM 0 2 3 1 2 0 8 5 3 2 7
p~~t~ g-iganteM 0 1 10 2 1 6 22 5 7 3 13
( <. <. (
(
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YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES MONTH SEP AUG' DEC APR AUG NOV MAY NOV APR NOV JUNE
ECHINODERMATA (continued)
P,u, Mtv!" advta.rtceoU6 0 0 0 0 0 0 0 0 0 2 4
P'u'Mtv!" sp. 0 0 0 0 0 0 0 0 0 0 28
PM£.u6 c.h-Uortoide6 0 0 0 0 0 0 0 0 1 0 0
pYCrtopocU.a heLW.nthoidel> 4 8 6 4 2 3 5 3 5 2 7 I
-.J
1-'S.tJwrtgy£.oce.n.tMtU6 6JtanwcanU!.> 29 21 33 67 84 65 36 128 91 56 32 1-'I
S.tJwrtg y£.o ce.n.tMtU6 puJtpWta.tu6 0 0 0 0 0 0 0 2 0 4 4
StywteJtilU> 60lVtvU 0 2 1 0 2 0 1 0 0 1 1
Urtidertti6ied hotothU/tOidea. 0 0 0 7 0 0 0 0 0 0 0
Urtidenti6ied op~oidea 0 C 0 0 0 0 0 0 0 0 0
ECTOPROCTA
HetVtOpolta. magna 0 0 0 0 0 0 0 0 0 0 Sc
Phidotopolta. paci6ica 0 Sc 0 0 0 0 0 0 0 0 Sc
MOLLUSCA
Acmaea mitJta. 0 0 P 0 0 0 0 0 P 0 0
Appendix 8h. (continued)
YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978SPECIES K>NTH SEP AUG DEC APR AUG NOV MAY NOV APR NOV JUNE
MOLLUSCA (continued)
Acmaea. sp. 0 0 0 0 0 1 0 0 0 0 0
AJni6000w nob..i.f.M 0 1 0 1 4 0 4 1 4 1 0
A.tr..ch.i.dcw molttlVLeYen6,u, 1 0 0 0 0 0 0 2 1 0 0
IAltc.hi..dcU1l odhnvu. 0 0 0 0 0 0 0 ~3 0 0 0
......
IVMtlLa.ea. g-i..bblVL04a 3 3 2 2 3 1 3 1 I3 6 7
CadU.na ltLteomtVlg-i..na.ta. 2 1 0 1 0 1 0 2 5 0 0
Ca..Ui.o4.tOma. annuta..tu.m 0 0 Sc 5 0 0 5 Sc 7 Sc 4
Ca..Ui..o4.toma c.ana.U.c.uta..tu.m 0 0 0 0 0 0 0 2 0 1 0
CalUo4.toma .fJ..ga..tum 0 0 0 7 0 0 0 Sc 0 Sc 0
Ca..Ui.o4.toma. sp. 0 C Sc 0 0 0 0 0 0 0 0
CVta..to4.toma 6olia..tum 6 5 4 33 1 2 0 10 18 13 0
COItypheUa. ~hvu. 0 0 0 0 0 0 0 0 0 0 1
V-i..a.uluiJl 4a.ncU.edeM-i..4 0 0 0 2 0 0 0 2 0 3 0
OM cW/tO. a.4 peltO. 0 0 0 0 1 0 0 0 0 0 0
V,u,cooow hea..t1U. 0 0 0 0 0 0 0 0 0 0 1
OOJUOP4-i..Ua. albopuncta.ta. 3 7 8 9 4 0 16 15 29 3 11
( ( ( ( c.
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YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES MJNTH SEP AUG DEC APR AUG NOV MAY NOV APR NOV JUNE
MOLLUSCA (continued)
Ftabe.UUtOp6-<-O -WcWteA. 0 0 0 1 0 0 0 0 1 0 1
Ha..U.o.t06 KamtA c.ha.tiuu1a. 0 0 0 0 2 1 2 3 1 2 0
Hali..ow JLe6e.6cen¢ 0 0 1 0 0 0 0 0 0 0 0 I
-.J
H-&tn.Ue.6 mu.l..tUtu.go6 u..6 0 0 0 0 0 0 1 0 0 0 0 I-'W
I
La.il.a. COckeJLe..tU.. 0 0 0 0 0 0 0 1 0 0 0
Ma.XWetU.a. 6 a.n.ta.M6a.na. 0 0 0 0 0 0 2 0 0 0 0
M.U!u.t ida.e 0 3 0 6 0 0 5 4 27 2 3
SeJLPutoJLb-<-o 6 qu.a.migeJLu..6 0 0 0 0 0 0 0 Sc Sc C 2
Tegula. pu.U...tgo 0 0 0 0 0 0 0 Sc Sc 0 0
TOMCe.U.a. LUtea..ta. 0 5 0 0 0 0 0 Sc P Sc 1
TM.opha. ca.taLi.na.e 3 2 0 1 0 0 0 0 0 1 1
TJr.io.ton.i..a. 6u-Uva. 0 0 0 0 0 0 0 0 1 0 0
PORIFERA
Leu.ca.ndJr.a. hea..t1U 0 0 0 0 0 0 0 0 1 0 0
Leu.cilli rtu.t.t.U!gi 0 0 0 0 0 0 0 0 Sc 0 1
Appendix 8h. (continued)
YEAR 1973 1974 1974 1975 1975 1975 1976 1976 1977 1977 1978
SPECIES MONTH SEP AUG DEC APR AUG NOV MAY NOV APR NOV JUNE
PORIFERA (continued)
TUhya a.uJt.ait-t.i.. c.aU6oJutiana 2 14 14 14 14 13" 19 8 12 10 12
Te.til1A. aJr.b 0 0 0 3 1 0 0 1 2 1 0
Unid~6ied ~ponge 0 0 0 0 0 C 0 0 0 0 0
I
-.J
UROCHORDATA I-'
~
I
SoUenia v.il1.oM Sc 0 9 C C 0 19 5 10 A 17
Ciona -Uttu.ti.na.U6 0 0 0 0 0 0 0 0 0 1 0
p!/UJtO. haJ.u>t:o!l. 0 0 0 0 0 0 0 2 2 1 0
TJUdA..demnum opa.c.um 0 0 0 0 0 0 0 0 C 0 0
Un-id~6ied twUc.a.te 0 C 0 0 0 0 0 0 0 0 C
A = Abundant C • Common P • Present Sc = Scarce
( ( ( ( <--
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Appendix 81. Numbers or Estimates of Abundance of Brown Algae and Invertebrates Observed at Permanent
Subtidal Station 15, South Cove. DCPP, 1973-1978.
YEAR 1973 1974 1975 1975 1975 1976 1976 1977 1977 1977 1978
SPECIES KlNTH OCT AUG APR AUG DEC APR OCT MAR MAY NOV JUNE
PHAEOPHYTA
CY4W4 eiJr.a. o./>mwtdac.ea.e 0 1 0 0 0 0 0 0 0 0 0
IVu1IWte.6.ti.a. L<.gui.a.ta. C 0 0 0 0 0 0 0 C 0 0 '-JI-'
l-'VUllWtu.ti.a. sp. 0 0 0 0 0 0 0 0 0 0 A I
V.i.c.tyonewuun c.a.U.6oJtn.i.cum C A C Sc C C Sc 0 C 0 0
Lam.i..naJU.a. dent.i.geJta. C 97 68 80 64 78 106 106 114 145 0
NVLeoc.tj4W lue.-tkea.na. 2 31 0 0 0 0 0 0 123 41 0
PtVLOgophoJr.a. c.a.U.6oJtn.i.c.a. 0 0 0 0 0 4 0 0 0 12 0
ANNELIDA
V.i.opa.tJta. sp. A A C A C A C A C C C
Vodec.a.c.e.Ma 6ew!<u.i. 0 0 0 0 0 0 0 0 0 0 C
Eud.<../>ty-Ua. polymoJtpha. C 0 A A C A C A A C 11
Myucola sp. 0 0 0 0 0 0 0 0 1 0 0
P.i..6:ta. sp. 0 0 0 0 0 0 0 Sc Sc Sc 0
SVLpulidae 0 0 0 0 C Sc 0 0 0 0 0
Appendix 8i. (continued)
YEAR 1973 1974 1975 1975 1975 1976 1976 1977 1977 1977 1978
SPECIES KlNTH OCT AUG APR AUG DEC APR OCT MAR MAY NOV JUNE
ARTHROPODA
Bai.anU6 glanciu.la. 0 0 0 0 0 0 0 0 0 Sc 0
Ba.lan1U> nubilJ.u> 0 0 0 Sc 0 0 0 0 0 0 0
Ba.lanU6 sp. Sc 0 0 0 0 0 0 0 0 A 1
I
Canc.eJL antennaJU.u.l, 5 0 1 1 0 2 4 0 1 2 0 -..JI--'
0"\
Lebbe.U6 l.a.gwta.e 0 0 0 0 0 0 0 0 0 Sc 0 I
La x.ollhync.h.w, cM..6pa.tu.6 0 0 2 Sc 0 1 0 0 0 0 0
M.i.nui.u.ll oo.ua.tu6 0 0 0 Sc 0 1 0 0 0 0 0
Puge..ttia. pltOduc.ta. 1 0 0 0 0 0 3 1 0 0 0
Puge..ttia. IlickU 0 0 0 0 1 0 1 0 0 0 0
Sc.ylLa. a.c.u.t<. oltOn.6 0 2 0 0 0 0 0 0 0 2 0
COELENTERATA
Ag.ta.ephe.n.i.a. sp. C 0 A C A A C A A C C
AUopolta. pOJr.phylta. 0 0 Sc A C A C 0 0 0 0
Anthople.uJta. aJttemu.ia. 0 0 0 1 1 3 0 0 0 5 0
An-thop.l.e.uJta. x.a..nt:hogJLanrn.i..c.a. 0 4 4 9 10 9 6 2 6 2 4
M .tJLa.ng.ia. .eaj a.e.£.a.ne.n.6.u. 0 0 0 0 0 0 0 Sc 0 0 Sc
( ( ~ (
\
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YEAR 1973 1974 1975 1975 1975 1976 1976 1977 1977 1977 1978
SPECIES MJNTH OCT AUG APR AUG DEC APR OCT MAR MAY NOV JUNE
COELENTERATA (continued)
Ba1.an.ophyWo. elegaM A C A 0 A C C A A A A
CoftYl1.a.e.tW ca.U6oJuUc.a. A A A A A A A C A A A
Ep.i.a.ct.U. p1lOU6eJUl Sc C C A C A C Sc C Sc C
Ha.Upi.anneUa iu.ci.a.e 0 0 0 0 Sc 0 0 0 0 0 0 I
-J
Me.:tJL.i.dW.m .6 enil.e I--'Sc C A C C C C 0 Sc C 0 -J
I
Pachyc.~ 6-imbJL.i.a.tuA Sc 0 0 0 0 0 0 0 0 Sc 0
PaJLa.c.ya.thu1> .6teaJl.n..6« Sc C C 0 C Sc C C C C C
Tel.i.a. CJUL6 .6.i.coJuU.6 1 0 0 0 0 0 0 0 0 0 0
Tel.i.a. Lo 6ote.n.6.i..6 2 9 11 12 17 11 19 14 17 22 25
Un.<.d~6.i.ed anenome 0 0 0 0 0 0 0 0 Sc 0 0
ECHINODERMATA
CUe.wnaM.a. mUUa.ta. 0 0 6 16 0 0 0 6 0 0 0
Cue.wnaM.a. sp. 0 0 0 0 0 0 0 0 2 0 2
Eupentac.ta '1 lLUt'1ue.6.i.em.<.ta. 0 1 0 2 0 0 0 0 0 Sc 1
HenM.ci.a. lev..u.u, c.u..e.a. 3 5 7 8 13 7 3 3 2 9 10
Appendix 8i. (continued)
YEAR 1973 1974 1975 1975 1975 1976 1976 1977 1977 1977 1978
SPECIES MONTH OCT AUG APR AUG DEC APR OCT MAR MAY NOV JUNE
ECHINODERMATA (continued)
Lep.ta.6teJL.Uu. hexacU6 0 2 9 9 6 15 8 3 0 0 0
Le~teJL.Uu, spp. 0 0 0 0 0 0 0 0 9 7 4
OlLtJuu,teJL.Uu. koehleJU 0 2 2 4 3 2 1 2 1 0 7
PaJl.aldJ.c.hopw> c.a.U6o.ILYIIc.u..6 0 0 1 2 0 0 0 0 0 0 0 I
-....l
PaJuUlic.hopu.6 piVLvmem-W 0 0 0 0 0 1 0 0 0 0 0 I--'Q:l
I
PaJuUlic.hopu.4 spp. 0 6 0 0 0 0 0 0 0 0 0
Pa:tVUa m<.n..ia.ta. 34 52 118 118 77 99 154 117 65 124 104
P-Wa..6tVt. g-i.ganteU1> 19 37 35 17 33 23 31 25 23 45 25
P-Wa..6tVt. 0cJvr.a.c.eo w> 26 25 19 25 16 17 19 12 15 24 27
P-Wa..6tVt. sp. 0 0 0 0 0 0 0 0 0 0 20
pYCJlOpod.i.o. he-Ua.n-tJw-i.du 0 2 3 1 2 1 0 5 2 3 5
s.vwngy.to c.entJwtUl> 6/UlnW c.anw> 289 384 359 366 301 263 373 160 122 69 14
StMngy.toc.entJwtUl> PU!l.pwr.atu.6 1 0 5 3 5 4 23 8 3 7 2
StywtVt.-i.a.4 60JtJLeJU 0 0 0 0 1 0 0 2 1 1 0
ECTOPROCTA
CJtb.,-i.a s p . 0 0 0 0 0 0 0 C 0 A 0
( ( \. (
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YEAR 1973 1974 1975 1975 1975 1976 1976 1977 1977 1977 1978
SPECIES KlNTH OCT AUG APR AUG DEC APR OCT MAR MAY NOV JUNE
ECTOPROCTA (continued)
V.ia.pvwec<..a. CiILi.6olUl.-i.c.a. 0 0 Sc 0 0 0 Sc 0 0 C 0
Fl.u.U;I[.e.Ua. c.oJlJlJ.cuta..to. A 0 A 0 0 A A 0 0 0 0
He-tvwpolW. magna 0 0 0 0 0 0 0 0 0 0 Sc
H-ippocUp.to.6-U1 wc.utp.ta. 0 0 0 0 0 0 Sc 0 0 C 0 I
-.....l
PlUdol..opolW. pauQica. ~0 0 0 0 0 0 Sc Sc C C C I.;)I
MOLLUSCA
Aca.n.:thodoJt..L6 bJw.itne.a. 0 0 0 0 1 0 0 0 0 0 0
Acmae.a. m<..t!ta 0 0 0 C 0 C C Sc 0 0 Sc
Acmae.a. sp. 0 0 0 0 0 0 0 0 0 0 C
ArU.6odoJt..L6 nob.<...e...W 3 0 6 0 5 5 8 3 3 4 0
AltcJU.doJt..L6 monteJteyert.6.{,6 1 0 0 7 0 2 4 2 1 0 1
A.6~e.a. g~bbeJto.6a 0 0 0 0 0 0 0 1 2 0 2
BeJLthe.Ua. c.a..U6oJlJlJ.c.a. 0 0 0 0 0 0 0 0 1 0 0
CadUna luteomaJtg.i.na.ta 1 0 0 0 0 0 0 0 0 0 0
Ca.dUrta .6pVL6a. 0 0 0 0 0 0 0 0 1 0 0
Appendix 8i. (continued)
YEAR 1973 1974 1975 1975 1975 1976 1976 1977 1977 1977 1978
SPECIES KlNTH OCT AUG APR AUG DEC APR OCT MAR MAY NOV JUNE
MOLLUSCA (continued)
Cal.Uoll.toma a.nnui.a.tum 0 0 Sc 0 0 2 0 Sc Sc 0 C
Cal.Uoll.toma C/lJ1.a..Uc.ui.a..twn 0 0 0 0 0 0 0 0 0 Sc C
Cal.Uoll.toma liga..twn 0 0 C C C 19 A Sc C C C
COlt.!/phe.il.a. 6.u.hvU 0 0 0 0 0 0 0 1 2 0 2 I
-....l
V.u. COMMA llandiege.nl>.u. 0 0 0 i) 2 2 3 2 0 0 0 ~'"0I
VOM.opllili.a. aibopuncta..ta. 2 5 21 20 10 3 5 20 17 5 30
HaLi.c.t.u. JUt6u c.etLl> 4 2 1 1 0 1 1 0 0 0 0
HeJl1l1.iA l>enda C!U1l>ll-iCO!UU.l> 0 0 0 1 0 0 1 0 2 0 0
H-innliu I7lll.tiAUflOlllLl> 6 6 3 3 3 3 8 4 1 14 5
M.UJLa. -idae. 0 0 1 0 0 0 0 3 8 0 6
PhicU.ana hil.:ton-i 1 0 0 0 0 0 1 12 20 0 2
Po dodumlLl> c.e.p-io 0 0 C 1 C 0 C Sc 0 A 0
ROlltang-ia pulc.Jvr.a. 0 0 0 0 0 0 0 0 0 0 1
SVtPuloJrb.u. llquam<-ge.JW.l> 0 0 C 0 0 0 0 C A C C
Ton-ic.e.il.a. -Une.a.ta C C C C C C C Sc C 0 C
TM.opha c.a:ta..Unae. 0 5 3 7 3 0 2 0 0
2 14
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YEAR 1973 1974 1975 1975 1975 1976 1976 1977 1977 1977 1978
SPECIES MONTH OCT AUG APR AUG DEC APR OCT MAR MAY NOV JUNE
MOLLUSCA (continued)
Twpha. macul.a.ta 0 0 1 0 0 0 0 0 0 0 0
UIUdent.i.6-t.e.d nu.cUb!UIYlch 0 0 0 0 1 0 0 0 0 0 0
PORIFERA
Le.ucandJr.a. he..u:M I0 0 0 0 0 0 5 0 1 C 3 -.l
N
Le.ucil.ta. nut:ting..i.
.....
0 0 C A Sc 0 C Sc C Sc C I
Te..thya autI.IlYI.U.a c.aLi.6oJzJUa.na 2 0 1 0 0 0 0 3 2 1 2
Un.-tdent.i.6..i.e.d ~ponge. 0 0 0 0 0 0 0 Sc 0 0 0
UROCHORDATA
BoUe.n-i..a villo~a 0 0 0 0 0 0 0 0 0 C 2
Che.tYMma pMductum 0 0 0 0 0 0 0 0 0 Sc 0
Cne.mUloCiVr.pa 6.uunaJt.IUeM~ 0 0 0 0 0 0 0 0 0 0 1
PyWta. haMtoJt 0 0 0 0 0 0 0 0 0 0 1
5tye.la monte.Jte.YeM~ 0 0 9 5 4 21 12 2 5 19 10
UIUdent.i.6-t.e.d tun..tea-te 0 0 C C C C 0 0 0 0 A
A • Abundant C • Common P • Present Sc • Scarce
Appendix 8J. Numbers or Estimates of Abundance of Brown Algae and Invertebrates Observed at Permanent
Subtidal Station 16, Diablo Cove. DCPP, 1973-1978.
YEAR 1973 1974 1975 1975 1975 1976 1976 1977 1978
SPECIES MONTH SEP AUG APR AUG NOV MAR OCT MAR MAY
--
PHAEOPHYTA
C/jI:.t.DheJJr.a. OhmundaCe.a A 40 72 81 85 68 77 A A
Ve..6maJl.eh.tU1 -Ugui..a.ta A 0 0 0 P Sc 0 0 0
I
-.J
N
Ve..6maJteA.tU1 sp. 0 0 0 0 0 0 0
N
0 Sc I
V.i.ctyoneuJl.Um c.a..U601ln.i.c.um A 0 0 0 Sc Sc Sc 0 Sc
Eglteg.i.a. menue..6U 0 0 0 0 0 0 4 0 0
La.rn.i.naJt.i.a. de.n.t.i.g Vta 0 0 0 10 5 18 43 65 213
NeJteocy/,w .tue.tke.ana 11 0 0 4 0 3 0 0 0
P.teJtygophoJta c.a..U601ln.i.c.a C 209 221 220 '149 332 2')5 210 246
ANNELIDA
EudiA.tyl.i.a. po.tymoltpha 0 0 0 0 0 0 Sc 1 0
SeJtpuUdae 0 0 Sc 0 0 0 0 1 Sc
ARTHROPODA
CanceJt an.teMa.JLiuh 1 0 1 1 2 1 2 1 0
Lo x.o tr.hwtchLL6 CJl..i.h pa.-t:w. 0 1 0 0 0 0 0 0 0
( ( (. ( <..
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YEAR 1973 1974 1975 1975 1975 1976 1976 1977 1978
SPECIES K>NTH SEP AUG APR AUG NOV MAR OCT MAR MAY
ARTHROPODA (continued)
Pa.gUJt.U6 sp. 0 0 P C C C C C 0
PagUJt.U6 spp. 0 0 0 0 0 0 0 0 C
PaJta.JUl1l-tJUM tayloJU 0 0 0 0 0 0 0 0 1
Puge..Ui.a pIWducta 0 0 0 2 0 0 0 1 1 I
-..J
Puge..Ui.a JUc.lt-U 0 0 0 0 0 0 0 1 1 NW
I
COELENTERATA
Anthople.Wla. a.M:e.m.U.-Ul Sc 0 0 0 0 7 0 5 2
Anthople.Wla. xcuU:hog.lUl1rlmic.a. 4 18 20 12 24 32 14 25 17
BalanophyU-ia e.le.g~ Sc C C Sc C Sc Sc C Sc
CadoMma. aJteJta.JUa. 0 0 0 0 0 0 0 P 0
Ep-UlcU6 pltoli6eJW. Sc 0 Sc 0 0 Sc 0 P Sc
Halcampa dec.e.mtmtac.u.la 0 0 0 0 0 • 1 2 1 0
Teal-ia c.olt-iac.e.a 0 0 1 0 0 1 3 3 0
Teal-ia CJlM-6-<-C.OJt¥U.6 0 0 0 1 0 0 0 0 0
Teal-ia lo6o~e.n-6.<.-6 0 0 0 0 0 0 0 1 0
Appendix 8j. (continued)
YEAR 1973 1974 1975 1975 1975 1976 1976 1977 1978
SPECIES MONTH SEP AUG APR AUG NOV MAR OCT MAR MAY
--
ECHINODERMATA
Eupenta.cta. qi.Wtqu.e-6e.mU:a. a 1 a 1 a a a a a
HeM.i..c.ia. .e.ev~ c.u1.a. 1 1 a 1 3 a a 3 3
Lep.ta.6 tl?lLi.M hexa.c..ti..6 2 a a 1 0 a 2 a Sc
Pa.tVUa. mi.rUata 53 lal 39 72 81 84 76 57 76 I
P-Wa..6tVl g..Lgan.teuA a 1 a 0 1 2 a a a
-.J
tv
w:::..
pYCJlOpocU.a. heUan.tho..Ldu 1 6 a a a 1 3 4 a
I
Svum.gylocen.tJtotuA 6JLanc.i.6canuA 73 26 a 0 0 a a a a
StMng yloCen.tJtotuA pU/tPf.LIl.ILtu4 a 1 a 0 a a a a 0
MOLLUSCA
Ac.an:tha.dcJU.6 b/tWlJtea a a a a a a a a 1
Acmaea mi..Vr.a a 0 0 0 a 0 Sc Sc C
.
Acma.e.a. sp. a a P 0 a c a a a
AtdAJJ.ea g..LbbeJlNa. 3 15 14 12 19 2 7 la 2
CadUna. £.u.teomaJl.g..Lna.ta. a 0 a a 0 a a 1 a
Ca..tU..MtOma. a.nnu.l.a.tu.m 0 a a a a a 1 a a
(
~J
(,
_N'
<. (
(
~,- -,' -••--'~> "~'-,--~"- - ,: ~ - ""+, .',' »
APpendix 8j.
'~;"
(continued)
..""""'''llItj".:!!,~,"",
t~--" ,- ,~"~<"~!~;,., ... ,-~.
'"
.,'~
YEAR 1973 1974 1975 1975 1975 1976 1976 1977 1978
SPECIES MONTH SEP AUG APR AUG NOV MAR OCT MAR MAY
MOLLUSCA (continued)
caftio<!ltoma Uga.tum 0 0 0 0 0 0 1 0 Sc
V.u.codow M.YtcUegen6.u. 0 0 0 0 0 0 0 0 2
VoJUop<!lilla albopWtcta.ta. 1 0 0 2 2 0 1 0 9
HaL<.ow 1W6UCen6 48 11 3 0 2 0 2 0 4 I
-.J
HOp~~ 4O<!Iacea 2 2
tv
0 0 0 3 0 0 1 U1I
/M..tJul .UJ.a.e 0 2 0 0 0 0 0 0 3
Mop~ spp. 0 0 0 0 0 0 1 1 Sc
pododumlU> cep.w 1 0 0 0 0 0 0 0 0
Svr.pulo!tb,u, <!I qlUlJII.<.geJW<!I 0 0 C Sc C Sc Sc C Sc
fegula. bJtwtnea C 0 C C G 0 Sc A C
f egula. sp. 0 5 0 0 0 0 0 0 0
f orUceU.a. U.nea.ta. 0 4 0 0 2 0 Sc 0 Sc
fJL<.opha. macula..ta. 0 0 0 0 0 0 0 0 2
PORIFERA
Le.u.cilla. nutWtg.t 0 0 0 0 0 0 0 Sc 0
Appendix 8j. (continued)
YEAR. 1973 1974 1975 1975 1975 1976 1976 1977 1978
SPECIES MONTH SEP AUG APR AUG NOV MAR OCT MAR MAY
PORIFERA (continued)
Tethya a.uJtil¥t.tiA. caU6oJtn.i.c.a 0 5 0 0 2 1 2 1 4
TeLiUa aJtb 0 0 0 0 0 0 0 1 0
URCHORDATA
Boltenia vitto6a 0 0 Sc 0 0 0 0 0 0 I
-...]
tv
Ctave.U.na. hun.t61111VU 0 0 Sc Sc 0 0 Sc 0 Sc 0'\I
S:tyeta.. montVleyeM-<A 0 0 1 0 1 1 2 0 1
UnidenU6-i.ed tun.i.c.a.te 0 0 0 0 0 0 0 0 Sc
A • Abundant C • Common P = Present Sc = Scarce
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